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FOREWORD 


Thi»  document  preeente  the  Motor  Storage  Studies  Program  Plan  and  the 
Hercules  plan  for  development  of  failure  criteria. 


The  original  authority  and  requirements  for  motor  storage  studies 
were  established  In  Contract  AF  04(647)-243.  Exhibit  B,  paragraph  I1I.F.5, 
and  Exhibit  D,  Section  III,  paragraph  D.9;  and  as  amended  by  CCN  s  No. 

108,  165,  and  200. 


Authority  for  continuation  of  the  motor  storage  program  from  1  July 
1963  thru  30  June  1965  Is  given  In  Contract  AF  04(694) -127,  Exhibit  A, 
p^fegreph  D.9,  as  amended  by  CCN*s  201,  208,  and  269. 


Authority  for  continuation  of  the  motor  storage  program  from  1  July 
1965  thru  30  September  1966  Is  given  In  Contract  AF  04(694) -544,  Exhibit 
A,  part  VII,  paragraph  C,  as  amended  by  CCN  No.  50. 


This  document  oupersedes  MT0-258-3A,  Revision  1,  Motor  Storage  Studies 
Proaram  Plan,  dated  1  December  1964,  and  Is  presented  in  two  volumes. 

Volume  I  contains  the  effort  which  was  transferred  from  Air  Force  Systems 
Consnand  (AFSC)  to  Air  Force  l.oglstics  Connand  (AFLC)  In  the  transfer  of 
engineering  responsibility  of  Wing  I  thru  Wing  V.  Each  test  schedule 
lndtc«t«i  the  effort  remaining  as  of  transfer  date,  1  October 
Volume  II  contains  the  effort  which  is  the  responsibility  of  Alt  Force 
Systems  Cotmand  (full-scale  unit  effort  and  materials  unique  to  Operational 
Reliability  Improvement  (OPRI))  . 


Published  by 


The  Publications  Group 
General  Services  Department 
HERCULES  INCORFORATED 
Bacchus  Works 
Magna,  Utah 


CHANCED  1  July  I960 
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ABSTRACT 


The  Mlnutenan  stage  III  motor  storage  studies  are  comprised  of  three 
major  tasks:  Motor  Storage,  Laboratory  Support,  and  Failure  Criteria  Develop¬ 
ment,  The  program  plan  since  Initiation  in  1958  has  been  continually  up¬ 
dated  for  AFBSD.  In  December  1965  Hercules  received  contractual  coverage 
to  divide  the  program  plan  into  two  volumes,  one  volume  to  contain  the 
effort  for  which  the  engineering  responsibility  is  to  be  transferred  from 
AFSC  to  AFLC  (Wings  I  through  V  motors  and  components)  ,  and  the  other  vol¬ 
ume  to  contain  the  effort  for  which  the  engineering  responsiblity  will  remain 
with  AFSC  after  1  July  1966. 


1.  Volume  1 


f 


Volume  I  of  this  document  contains  the  history  of  the  overall 
program  and  the  effort  required  after  transfer  of  engineering  responsibi¬ 
lities  to  AFLC.  This  volume  contains  the  AFLC  portion  of  the  storage 
program  plan, Including  the  areas  described  in  the  following  paragraphs. 

Wings  I  through  V  motor  storage  is  primarily  designed  to  demon¬ 
strate  storage  capabilities  of  the  Minuteman  stage  III  rocket  motor.  To 
accomplish  this,  a  total  of  27  full-scale  motors  (IS  Wing  I  R  &  D,  2  Wing  I 
operational,  6  Wing  II  operational,  and  4  Wing  IV  operational)  were  placed 
in  storage  under  simulated  operational  environments,  conditioned,  Inspected, 
and  static  tested  after  aging  periods  from  1  to  10  yr. 

The  Laboratory  Support  Program  (Wings  I  through’  V  component  and 
material  testing)  is  designed  to  predict  the  service  life  of  the  individual 
components  and  materials  and  ultimately  the  service  life  of  the  stage  III 
motors.  The  study  involves  storing,  conditioning,  and  testing  components 
and  materials  used  in  the  stage  III  motors.  Independent  of  the  motors. 

These  components  and  materials  are  stored  under  environments  representing 
the  common  and  extremej  of  the  Minuteman  Model  Specification.  Resultant 
test  data  are  analyzed  and  compared  to  previous  test  results  to  ertabllsh 
the  aging  trends  used  for  service  life  prediction  as  reported  quarterly. 

The  Failure  Criteria  Development  Program  has  been  added  to  the 
original  scope  of  the  program  to  provide  failure  criteria  for  Items  tested 
in  the  Laboratory  Support  Program,  This  criteria  is  essential  for  making 
accurate  and  meaningful  service  life  predictions. 

2 .  Volume  II 


Volume  II  of  this  document  contains  the  effort  for  which  AFBSD 
will  retain  the  engineering  responsibility  after  1  July  1966.  This  effort 
contains  two  Wing  VI  full-scale  motors  and  Wing  VI  unique  materials  and 
components.  The  storage  conditioning  and  testing  of  these  items  is  per¬ 
formed  in  a  similar  manner  to  those  items  being  tested  In  Volume  1. 


ill 
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SECTION  II 


TASK  REQUIRSfENTS 


The  taeke  set  forth  below  repreaent  Harculea*  Interpretation  of  the 
Motor  Storage  Studlea  Program  Plan  requlrementa  atated  In  the  work  state* 
ment  for  Contract  AF  04(694)-S44,  Exhibit  A,  part  VII,  paragraph  C  and 
Incorporated  CCN'a.  The  taaka  are: 

(1)  Prepare  and  aubmlt  for  BSD  approval,  and  maintain  In  current 
atatua,  the  Motor  Storage  Studies  Program  Plan  (Tha  program 
plan  shall  be  published  in  looaal'^if  form  and  shall  reflect 
the  actual  work  In  prograaa  ••  wall  aa  work  plannad.) 

(2)  Continue  the  Motor  Storage  Studies  Program,  as  described  In 
this  document 

(3)  Develop  failure  criteria  which  can  be  used  in  conjunction 
with  results  from  the  Laboratory  Support  Program  to  predict 
the  service  life  of  the  Mterlals  and  subsystems  which 
makeup  the  Mlnuteman  stage  III  motor 

(4)  Perform  preliminary  failure  analysis  Investigation  on 
anomalies  observed  during  the  testing,  Inspections,  or 
observations  directed  by  this  program  plan  (The  preliminary 
Investigation  shall  be  sufficiently  detailed  to  define  the 
problem,  make  a  reasonable  estimate  whether  aging  1* 
Involved,  and  plan  a  comprehensive  Investigation  program  In 
situations  In  which  BSD  concurs  and  wiMre  aging  Is  a  factor. 
The  Implementation  of  a  comprehensive  Investigation  shall 
be  subject  to  separate  contractual  action.  Reports  con* 
cemlng  the  investigation  will  be  Issued  as  part  of  the 
Surveillance  Quarterly  Report.; 

(5)  Participate  In  the  Hill  Air  Force  Bese  (HAFB)  cooperative 
propellant  test  program 

(6)  Support  Surveillance  Working  Group  (SWG)  meetings 

(7)  Evaluate  and,  whers  applicable,  combine  the  results  of  the 
Ogden  Air  Materiel  Area  (OOAMA)  storage  program  with  those 
obtained  from  the  Hercules'  conducted  R  &  D  storage  program 
to  Improve  the  accuracy  of  service  life  predictions  and 
demonstrations 

(8)  Assist  OOAMA  in  analysis  of  the  first  five  Mlnuteman  stage 
III  motor  firings  to  be  conducted  at  the  Lakeside  Test 
Facilities  (FTH  spare  4,  SD*22,  1A3,  1A7,  and  one  undesig* 
nated  motor  to  be  tested  prior  to  1  October  1966) 
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(9)  Upon  roquMt  txom  BSD,  furnlah  eoplaa  of  any  publlahad  pro 
eadura  or  apaclfleatlon  uaad  In  any  phaia  of  tha  work 
daacrlbad  by  thla  doetunant 
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SECTION  III 

PLAN  FOR  ACCOHPLISHING  TASKS 

A.  PREPARATION  AND  MAINTENANCE  OF  THE  MOTOR  STORAGE  STUDIES  PROGRAM  PUN 

Thl*  docuBwnt  ha*  been  prepared  to  daacrlbe  the  effort  and  reipectlve 
reaponalbllltlea  of  AFLC  and  AFSC  beginning  1  October  1966.  AFLC  effort 
la  outlined  In  Volume  I,  and  the  AFSC  effort  la  ahoun  In  Volume  II, 

The  aubmlttal  of  thla  document  partially  aMeta  the  requlreiaenta  of 
preparing  and  maintaining  the  Motor  Storage  Studlea  Program  Plan.  The 
remaining  requirement  to  maintain  the  program  plan  In  current  atatua  will 
be  accompllahad  by  aubmlttlng  change  pagea. 

The  program  plan  will  be  updated  aa  required,  Changea  affecting  pro¬ 
gram  planning  muat  be  approved  by  the  Program  Contracting  Officer. 

B.  STORAGE  PROCSIAM  CONTINUATION 

1.  Overall  Storage  Pr?"ram  Obtectlvea 

The  overall  objectlvea  of  Herculea  Motor  Storage  (Aging)  Program 
are  to  evaluate  the  atorage  capabllltlea  of  the  atage  III  Mlnuteman  ro:ket 
motor  under  environmental  condltlona  repreaentatlve  of  the  operational 
concept  and,  ultimately,  aid  In  the  prediction  of  the  uaable  life  of  the 
operationally  deployed  motora.  Specific  objectlvea  of  the  program  are  to: 

(a)  Provide  the  Information  required  for  predicting  motor 
maintenance  and  replacement  factora 

(b)  Demonatrate  the  operational  atorage  capabllltlea  of 
the  Mlnuteman  stage  III  motors 

(c)  Determine  the  factors  which  limit  the  service  life  of 
the  motors 

2.  Orientation 


The  Hercules  Motor  Storage  Program  la  divided  Into  two  parts: 
Motor  Storage  and  Laboratory  Support.  An  additional  surveillance  effort, 
designated  as  the  extension  program,  has  been  Incorporated,  The  new  pro¬ 
gram  la  designed  to  extend  the  original  surveillance  testing  to  10  years. 

The  AFSC  effort  consists  of  the  Wing  VI  full  scale  unit  Motor 
Storage  Program  and  the  materials  studied  In  the  Operational  Reliability 
Improvement  (OPRI)  Program.  The  testing  and  procedural  details  of  these 
programs  are  given  In  Volume  II  of  this  document. 
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Th«  AFLC  effort  consists  of  tho  Wings  I  through  V  msterlsls  and 
coiVonantc  and  tha  Fallura  Criteria  Studies.  The  testing  snd  procedurel 
details  for  this  effort  arc  given  in  VoIusm  I  of  this  document.  The 
sppendlxas  contain  completed  or  discontinued  test  plsns,  the  FSU  grain 
dissection  procedure,  storage  motor  Inspection  records,  and  the  program 
special  tooling  requirements. 

The  basic  plan  for  Implementing  the  storage  program  Is  given  in 
the  follovlng  paragraphs.  A  sumemry  of  tasks  completed  Is  given  In 
Chapter  1,  Section  IV,  of  this  document. 

3.  Motor  Storage 

The  (sotor  storage  effort  conslats  of  storing,  conditioning, 
periodically  Inspecting,  and  testing  17  Wlni^  I,  6  Wing  II,  4  Wing  IV,  and 
2  Wing  VI  stage  III  Mlnuteman  rocket  motors.  The  1/  Wing  I  motors  Include 
the  2  stage  III  motors  returned  from  Hill  Air  Force  Base  (HAFB)  In  January 
1965  from  nlsalles  501  and  511.  These  two  motors,  assigned  to  the  program 
as  test  numbers  1-5>21  and  1*5<22,  are  from  the  first  Wing  I  operational 
motors  produced  by  Hercules.  The  motors  are  stored  at  HAFB  In  Hercules' 
assigned  buildings  for  various  storage  periods  under  environmental  condi¬ 
tions  simulating  the  hardened  and  dispersed  conditions  for  the  WS'133A 
Operational  Weapon  System.  The  detailed  test  plan  for  Inspection,  storage 
testing,  and  data  reduction  Is  given  In  Chapter  3,  Section  I,  A  brief 
description  of  the  storage,  conditioning,  and  testing  Is  given  in  the 
following  subparagraphs. 

a.  Storage 

The  subject  motors  were  produced  by  Hercules  Powder  Company 
Bacchus  Works  (HPC/B),  and  designated  as  storsge  motors. 

The  Wing  I  motors  were  selected  and  assigned  to  the  program 
prior  to  completion  of  production  and  were  transported  to  the  1800  area 
at  HAFB  for  utorage.  When  the  motors  were  recalled  to  HPC/B  for  igniter 
retrofit,  simulated  hardware  was  Installed  to  subject  the  motors  to  loads 
that  could  be  expected  In  operationally  deployed  missiles. 

The  Wing  II  motors  were  shipped  to  Plant  77 ,  assembled  into 
the  missiles,  and  placed  In  the  field  for  approximately  1  year.  When 
replacement  motors  became  available,  the  stage  III  motors  were  removed 
from  the  missiles  on  a  normal  recycle  to  OOAMA  and  assigned  to  the  storage 
program.  The  nutors  were  transported  to  HPC/B  for  coiiq)lete  Inspections, 
and  simulated  hardware  was  installed  prior  to  returning  the  motors  to  the 
1800  area  at  HA78  for  storage. 

The  Wing  IV  motors  were  assigned  to  the  Storage  Program 
immediately  after  production  completion,  simulated  hardware  was  installed, 
and  the  motors  were  shipped  to  the  1800  area  at  HAFB  for  storage.  These 
motors  were  selected  from  the  first  24  motors  manufactured. 
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The  Wing  VI  motors  (AFSC  responsibility)  were  assigned  to 
the  Storage  Program  prior  to  production.  These  isotors  will  be  transported 
to  the  1800  area  at  HAFB  for  storage  and  returned  to  HPC/B  for  installa¬ 
tion  of  simulated  NCU's  when  this  equipment  is  available. 

Two  Wing  I  motora  were  added  to  the  atorage  program  aa  the 
reault  of  aaaignlng  mlaailea  501  and  511  to  OOAMA  for  dlaaaaembly  and 
shakedown  testing  at  the  Lakeside  Test  Pacilltles.  Motors  from  the  two 
missiles  were  replaced  by  motors  SD-22  and  PTM  Spare  4.  These  motors  will 
be  used  to  test  the  new  firing  stands  and  data  acquisition  system  at  the 
Lakeside  Test  Facilities.  Motors  assigned  to  the  atorage  program,  ETP 
No.  1  and  ETP  No.  3,  were  returned  to  HPC/B,  complete  inspection  was  per¬ 
formed,  necessary  rework  was  accomplished,  and  the  simulated  hardware  was 
installed.  The  two  motors  were  then  transported  to  the  1800  area  at  HAFB 
for  storage. 


The  motora  were  placed  in  temperature  and  humidity-controlled 
storage  bays  in  vertical  or  horlrontal  positions.  An  initial  visual  inspec¬ 
tion  for  defects  waa  made  and  repeated  every  2  months  during  storage.  A 
log  is  kept  of  all  inspection  results. 

b.  Conditioning 

Each  motor  is  inspected  thorougiily  after  its  scheduled 
storage  to  determine  and  docuiaent  any  changes  resulting  from  storage.  The 
motor  is  then  subjected  to  transportation  conditioning  by  means  of  an 
electro -mechanical  vibrator. 

c.  Testing 

The  motor  is  relnspected  to  determine  and  document  any 
changes  resulting  from  the  transportation  conditioning,  and  a  Firing  Test 
Plan  is  Issued.  The  motor  Is  instrumented,  test  fired,  and  given  a  post¬ 
firing  Inspection  to  determine  and  docuaient  any  aging  effects  revealed  by 
the  firing.  The  Wing  I  R  &  D  and  operational  surveillance  motor  firing 
schedule  is  shown  in  Table  1-1.  The  Motor  Storage  Studies  Program  motor 
firing  schedule  is  given  in  Volume  II,  Table  3-3. 

d.  Reporting 

Reports  are  submitted  after  the  firing.  All  data  generated 
during  the  life  of  the  individual  motor,  including  final  firing  data,  are 
analyzed  and  Interpreted  to  establish  aging  characteristics  and  atorage 
capabilities  of  motors  in  the  operational  environment. 

4.  Laboratory  Support 

The  laboratory  support  effort  supports  the  Motor  Storage  Program 
by  providing  data  on  components  and  subassemblies  stored  independently  of 
the  motor  under  conditions  which  simulate  common  and  extreme  operational 
environments.  Separate  testing  of  components  offers  the  accumulation  of 
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TABU  1-1 


wnc  I  B  &  0  AMD  OPEtATIOMAL  SintVEIUAMCE  MOTOR  FIRIMG  SCHEDUU 


Motor  Ho. 

Type 

Scheduled 

Storage  Period 

Scheduled 
Testing  Dace 

243B-1-5-20* 

R  it  D 

11 

Dec  61 

243B-1-5-1* 

R  &  D 

16 

Mar  62 

243B-1-5-4* 

R  4  D 

18 

Jun  62 

243B-1-5-5* 

RAD 

19 

Oct  62 

24 3B- 1-5-3* 

RAD 

25 

Jan  63 

243B-1-5-6* 

RAD 

28 

Aug  63 

243B-1-5-10* 

RAD 

30 

Apr  63 

243B-1-5-8* 

RAD 

36 

Jun  64 

243B-1-5-2* 

RAD 

49 

Dec  64 

Oper  1 

Operational 

45 

Sep  65 

243-B-1-5-9 

RAD 

53 

Mar  66 

Opar  2 

Operational 

48 

Jan  66 

Opar  3 

Operational 

55 

Jul  66 

XS-1 

Operational 

55 

Jul  66 

XS-2 

Operational 

56 

Aug  66 

243-B-1-5-12 

RAD 

59 

Aug  66 

XS-3 

Operational 

57 

Sep  66 

XS-4 

Operational 

58 

Hov  66 

Oper  4 

Operational 

60 

Jan  67 

XS-5 

Operational 

61 

Feb  67 

XS-6 

Operational 

62 

Mar  67 

Oper  5 

Operational 

66 

Jul  67 

XS-7 

Operational 

66 

Jul  67 

243-B-1-5-7 

RAD 

67 

Dec  66 

XS-8 

Operational 

67 

Aug  67 

XS-9 

Operational 

68 

Sep  67 

XS-10 

Operational 

69 

Oct  67 

XS-11 

Operational 

69 

Oct  67 

243-B-1-5-21 

RAD 

71 

Hov  67 

XS-12 

Operational 

71 

Dec  67 

Oper  6 

Operational 

72 

Jau  68 

XS-13 

Operational 

73 

Feb  68 

XS-14 

Operational 

74 

Mar  68 

XS-15 

Operational 

75 

Apr  68 

243-B-1-5-22 

RAD 

76 

May  68 

XS-16 

Operational 

77 

Jun  68 

XS-17 

Operational 

77 

Jun  68 

XS-18 

Operational 

78 

Jul  68 

Oper  7 

Operational 

79 

Aug  68 

XS-19 

Operational 

80 

Sep  68 

XS-20 

Operational 

81 

Oct  68 

243-B-1-5-14 

RAD 

81 

Nov  68 

XS-21 

Operational 

82 

Nov  68 

XS-22 

Operational 

85 

Feb  69 

XS-23 

Operational 

86 

Mar  69 

XS-24 

Operational 

87 

Apr  69 

243-B-1-5-15 

RAD 

88 

Jul  69 

243-B-1-5-H 

RAD 

96 

Apr  70 

*Flred  by  Herculei  at  Bacchus 
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d«t«  not  «v«ll«ble  from  study  of  the  cosiplstc  motor  dus  to  Insccesalbllity 
of  many  compooents  and  the  comparatively  narrow  scope  of  testing  environ* 
Bients.  The  progrma  uses  a  comprehensive  variety  of  operational  environ¬ 
ments  In  order  to  Isolate  Individual  environmental  effects  and  to  Identify 
conditions  which  might  reduce  the  usable  life  of  the  deployed  motor  with 
time.  Component  service  life  values  are  predicted  by  extrapolating  trends 
observed  In  component  data.  These  predictions  are  an  estlaiate  of  the  time 
a  coBq>onent  can  be  stored  and  still  perform  the  function  for  which  It  was 
designed.  Hie  motor  assusies  the  service  life  of  the  non-replaceable  weak 
link  component. 

Subasaamdilles  and  components  subjected  to  storage,  Inspection, 
conditioning,  and  testing  are  described  by  a  series  of  Individual  studies. 
These  studies  presented  In  Chapter  2,  Sections  1  through  XIll,  are: 

(a)  Ignltar 

(b)  Igniter  pellets 

(c)  Thrust  terminator  arm-dlsarm  switch 

(d)  Nossles 

(e)  Propellant 

(f)  Case  bond  system 

(g)  Spiral loy  case 

(h)  Frangible  sectors 

(1)  Intenul  Insulation 

(j)  Pressure  seals 

(k)  External  Insulation 

(l)  Adhesives  and  potting  materials 

Similarity  of  Wings  1  through  VI  motor  configurations  has  allowed 
certain  Wing  I  laboratory  data  to  be  equally  adaptable  to  other  wings. 

To  simplify  the  program  and  to  reduce  material  and  manpower  costa,  these 
data  have  been  used  whenever  possible. 

Items  rejected  by  Hercules'  Receiving  Quality  Control  (RQC)  wtilch 
will  provide  sufficiently  accurate  data  was  used  idienever  possible. 

5.  Laboratory  Support  Extension 

The  Initial  planning  for  the  Laboratory  Support  Program  cailed  for 
3-year  testing  of  Wing  I  components  and  5-year  testing  of  Wings  II  through 
VI  components.  This  Initial  planning  was  based  on  the  respective  3-  and 
S-year  motor  life  criteria,  established  during  the  R  &  D  Progrma  for  Wing  I 
and  Wings  II  through  VI  configuration.  Since  the  time  of  Initial  planning, 
motor  target  life  has  been  extended  to  7  years  for  Wing  I  configuration  and 
10  years  for  Wings  II  through  VI  configuration. 
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Th«  L«boratory  Support  Bxtonalon  wm  doslgnod  to  upd«t« 

tho  GoapoBont  atoroso  prograa  to  confona  with  tha  aoat  racant  planning  rod 
to  provida  data  which  can  ba  uaad  to  nora  accurataly  pradict  aarvica  life 
valuaa  by  aaana  o{  laprovad  failure  crltarla.  Tabla  1-lA  datalla  achadule 
of  taata  froa  tha  baginning  of  tha  prograa  aa  it  waa  originally  plannad  to 
tha  coaplation  of  tha  prograa,  including  taata  addad  aa  a  raault  of  tha 
axtanaion.  Additional  wing  covaraga  provided  by  tha  laboratory  axtanaion 
prograa  and  tha  laad  tlaa  gained  or  loat  by  adding  itaaa,  after  originally 
aatabllahing  tha  prograa,  ara  ahown  in  Tabla  1-2. 

Saaplaa  to  aatend  tha  prograa  were  acquired  from  FSU  aotora  or  aged 
exceaaad  aatariala,  or  proctirad  new  froa  tha  vendor.  Rubbar,  phenolic, 
propellant,  and  caaa-bond  ayataa  aaaplaa  ara  obtained  by  diaaactlon  of 
aged  rau  aotora.  Thera  ara  five  Wing  I  and  ona  Wing  11  aotora  achadulad 
for  diaaactlon  aa  ahown  in  Table  1-3.  Detailed  cutting  proeaduraa  ara 
given  in  Appendix  B.  Tabla  1-A  llata  baalc  configuration  of  each  a»tor 
aalactad  for  diaaaetion. 

6.  Analvaia  of  Data 

••  Motor  8tora».a 

Tha  data  obtained  from  tha  periodic  motor  inapactiona  during 
atoraga  at  RAFB  will  ba  avaliutad  for  each  motor  prior  to  atatic  firing. 

The  purpoaa  of  tha  evaluation  ia  to  da  tormina  the  araaa  which  have  axpari- 
anead  degradation  and  idiich  will  raquira  monitoring  during  atatic  firing. 

Data  davalopad  froa  tha  Wing  1  atoraga  motor  atatic  firing  will  be  compared 
to  PFRT  data.  Wing  11,  Wing  IV,  and  Wing  VI  motor  atatic  firing  data,  and 
poatfirlng  Inapaction  raaulta  will  ba  compared  to  data  recorded  on  Wing  II, 
Wing  IV,  and  Wing  VI  qualification  motora  to  determine  degradation  of  the 
maaaurad  parameter a  of  tha  aged  motor. 

b.  Laboratory  Support 

Data  generated  from  tha  Laboratory  Support  Program  la  uaed 
primarily  to  predict  aarvica  life  of  eubayatema  and  componenta.  It  can 
alao  be  uaed  aa  an  aid  In  performing  failure  analyala.  (The  term  failure 
analyala,  aa  uaed  in  thia  document,  la  defined  aa  the  proceaa  of  inveatl- 
gatlng  an  anomaloua  performance  to  determine  the  cauae  and  the  required 
corrective  action.) 

The  approach  to  be  uaed  for  conducting  failwe  analyala  on 
aurvelllanca  itema  la  delineated  in  paragraph  D. 

Table  1-5  liata  major  parametera  meaaured  and  indicatea 
which  ara  uaed,  in  conjunction  with  the  appropriate  failure  criteria,  to 
predict  aarvica  life  valuea. 
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TABLE  1-lA 


MASTER  SURVEILLANCE  TEST  SCHEDULE 


1962 

1963 

1964 

1969 

MJ.IASOND 

JFMAMJJASOMD 

JFHAHJJASOYiD 

jrHAKJJASOND 

jrXAMJJASOWB 

21 

1  4  2  3 

3  2 

3  2 

2 

1 

2  6 

21 

1  4  2  3 

3  2 

1  3  2 

2  6  2 

- 

2  8 

8  8  8  8 

8  8  8 

8  8 

1 

5 

6 

2 

2 

2 

2 

HH 

34 

3 

3  10  10  11  89 

4 

112 

2  18  9  II  73 

2  4  1 

m 

8  8 

2  7  8  9  69 

1  14  12 

120 

8  8 

HIHlii 

16  4 

2 

8 

1  4 

4  2 

8  8 

7 

8  4 

4  2 

2 

•  •  2 

7  *  4 

36  36  36  36  36 

36  36  36  36 

10  3 

32  32 

20  20 

36  36  36  36 

30  90  90 

5  9 

32  32  32  32 

20  20  20  20 

t 

90  90  90  90 

9  9 

32  32  32  32 

20  20  20  20 

8 

36 

90  40 

56  24  32  32  56  24  16  24 
3  1  6  4  1  4  3  1  4 

16  8  24  16  24  8  24  8  8  24 

314413316414 

8  24  8  24  16  16 

3  1  4  3  1  2  4  2 

2 

2  2 
171  149 

1  111  1 

ADDED  1  July  1966 


1-lOA 


Coa(K>n«i)t  or  Notarial 

Typa 

Toot 

Mo.  of 
Spaclaan 

1966 

1967 

1 

Storage 

J  F  M  A  M  J 

J  A  S  0  N  D 

J 

F  «  A 

M  J  J  A 

S  0  N  D 

0 

lioltar 

Taap  cond ,  functional 

37 

1 

Tronaportat  Ion  coc^.  x-ray 

3 

2  2 

3 

2 

1 

Fit  cond,  x-ray,  funct,  atatlc  fire 

1  3 

1 

2 

1  1 

1 

Flight  cond,  x-ray,  dlaaact 

1 

1 

1 

1 

1 

X-ray 

1 

Fallura  crltarla  acudy 

Static  taata  and  diaaaction 

17 

3  1 

3 

3 

3 

1 

Igoltar  S  4  A 

Taap  cond,  functional 

26 

1 

Tranaportat Ion  cond,  clactrlcal 

3 

2  2 

3 

2 

1 

Fit  cond,  functional,  atatlc  lira 

1  3 

1 

2 

1  I 

1 

Nllata 

Ihyalcal  4  chaalcal  on  "new"  pallata 

8 

8 

8 

8 

Fhyaleat  4  chaalcal  on  "old"  pallata 

_ 

1 

1 

1 

1 

1 

TT  awlrch  *) 

Tranaportatlon  vibration,  alactrical 

'  -S 

Flight  cond,  functional,  daatruct 

1 

•9 

Tranaportatlon  vibration,  alactrical 

-9 

Flight  cond,  functional,  daatruct 

2 

•ll 

Tranaportatlon  vibration,  alactrical 

9 

12 

•U 

Flight  t-ond,  functional,  daatruct 

2 

2 

frooilkla  aoctart  Wing  I 

Tranaportatlon  vibration,  alactrical 

120 

3 

9  56 

8  47 

Flight  vibration 

6  1  4 

1  2 

1 

3  S 

6 

Wing  11 

Tranaportatlon  vibration,  alactrical 

1)2 

88 

72 

Flight  vibration 

8 

8 

8 

8 

■eailaa  VlAg  1 

Fraaaura  laak,  cold  tor^ua,  NOT 

16 

8 

4 

8 

4 

Hachanlcal  cycla 

4 

2 

4 

2 

X-ray,  diaaaaaabla 

Hand  cycle 

6 

6 

6 

6 

Vlng  11 

Fraaaura  laak,  cold  torgua,  NOT 

7 

X-ray.  dlaaaaai^la 

Hand  cycla 

6 

6 

6 

6 

tglralloy 

Hafar  lap  ahaar,  Typo  1  (cyl) 

Riyalcal 

260 

28 

Layar  lap  aboar,  Typa  1  (cyl) 

Fhyalcal 

400 

21 

28 

2» 

Hafar  lap  abaar,  Typa  1  mc  (cyl) 

Fhyalcal 

Layar  lap  abaar.  Typa  2  (cyl) 

fbyalcal 

Wafar  berclaa 

Nydroburac 

21 

3 

Oaaloid  boctlea 

Nydroburat 

40 

5 

Ibort  baas  ahaar  (lab) 

Fhyalcal 

704 

32  32 

32 

32 

32 

Uacoatad  NOL  rlnga 

Fhyalcal 

440 

20  20 

20 

20 

20 

Coatad  NOL  rlnga 

niyalcal 

72 

8 

8 

8 

8 

FSU  caaai ,  Wing  I 

Kydrobiirat 

6 

1  1 

1 

1 

rSU  L8  4  SIS.  Wing  I 

Fhyalcal 

272 

48  32 

32 

16 

3 

FSU  caaaa .  Wing  It 

Hydroburat 

2 

I 

FSU  LS  4  SIS,  Wing  U 

fhytlcal 

368 

8  8 

8  8 

8 

8 

6  8 

16 

Intarlaainar  ahaar  ring  I 

Fhyalcal 

504 

tntarlaalnar  ahaar  ring  II 

Fhyalcal 

440 

Fropallani 

Fhyalcal  &  chaalcal 

94 

2 

14 

12 

14 

18 

1 

Fhyalcal  4  chaalcal 

1816 

84  96 

12 

84 

& 

Subacala  atatlc 

107 

Fallura  crltarla  atudy 

'SU  ..'tain  Olaatctlon 

1 

TABLE  1-lA  (Cone) 

MASTER  SURVEILLANCE  TEST  SCHEDULE 


rtllur*  crittrla  atudy 


tinttar  S  4  A 


Nllata 


TT  Mttch  - ) 

5 

-9 

-9 

♦tl 

-It 

Frafitlb!i«  taciori 


Noailat 


Static  taac  and  diaaactton 


Taapcond,  functional 
Tranaportae Ion  cond,  alaccriral 
Fit  cond,  functlocMl,  atactc  flra 


Flijrilcal  4  ctiaalcal  on  "now"  patiaca 
Riyalcat  4  chaaleal  on  "old'*  pallata 


Tranaportaclon  vibration,  atectrlcal 
FllshC  cond.  functional,  daatruct 
Tranaportaclon  vibration,  atectrlcal 
Fll|hc  cofwl,  functional,  daatruct 
Tranaportatioa  vibration,  alactrUal 
Fllfht  cond,  functional,  daatruct 


Tranpportac Ion  vibration,  electrical 
Flight  vibration 

Tranaportaclon  vibration,  elaccrlcal 
Flight  vibration 


ying  1  Prcaaura  leak,  cold  torque,  NtM 

Nachanfcal  cycle 
X'ray,  dlaaaoeabla 
Hand  cycle 

Ulng  11  Fraaaura  leak,  cold  torque,  NOT 

X-ray,  dlaaaacnbla 
Hand  cycle 


Wing  I 
Ving  It 


Splralloy 

Wafer  lap  ahcar,  Type  1 
Layer  lap  ahear,  Type  I 
Wafer  lap  ahear,  Type  I 
Layer  lap  ahear.  Type  2 
Wafer  bottlca 
Ovalold  boctlea 
Short  beaa  ahear  (lab) 
Uncoated  MOL  rings 
Coated  NOL  rings 
FSU  cases .  Wing  I 
PSU  L5  4  SBS,  Wing  1 
FSU  cases .  Wing  II 
PSU  LS  4  SBS.  Wing  11 
Fellure  crlt.rla  study 
Interlaninar  rhear  ring 
Intcrlaaitnar  shear  ring 


Prope 1 1  ant 


(cyl) 

(cyl) 

■at  (cyl) 
(cyl) 


Physical 

ntyalcal 

Physical 

Physical 

Hydrobursc 

Hydroburst 

Physical 

Physical 

Physical 

Hydroburec 

Physical 

Hydroburst 

ITiysical 


II 


Physical 

niyaical 


Physical  &  chenlcal 
Physical  4  chenlcal 
Subscale  static 


failure  criteria  study 


PSU  Crain  Dissection 


/ 


TABLE  1-lA  (Cont) 

MASTER  SURVEILLANCE  TEST  SCHEDULE 


ADDED  1  July  1966 


1-lOC 


P^yalctl  4  chaalcal 
Atyilc*!  4  chcaical 
niyalcal  4  chaalcal 
niyalcal  4  chMlcal 


(UD  effort) 
(UD  effort) 
(ISO  effort) 
(»SD  effort) 

(»8D  effort) 
(»S0  Effort) 


Inttrul  taauUtor 

Fallura  erfcarla  icody 
trO  ISO  Rianollc 

Iwna  N 

Buna  S 

F8U  1 

rsu  II 

niyalcal 

SubatAla  atatl< 
fSiyateal 

Subacala  atattc 

niyalcal 

Fbiyaleal 

rtiyalcal 

(eroalon) 

(eroalon) 

Batarnal  Inaulatlon 

Avcoat 

Ffiyatcal 

Cork 

ntyatcal 

funfua 

Adhoalv*  and  Pottlnj 
Co^ound 


m  J  1170-EI8 
A  12  T 
934 

DCQ>9*0024 

937.2 

1TV77 

eTV88 

923 

C-7 

Thtxon  C12 
C-7/SBR  80/20 
C-7/SB  60/40 
C-7/Nn  80/20 
C-7/N8R  60/40 
923.2/SBR 
923.2/NIR 
1-1  rix/8PC  No.  1 
CYH/RPC  No.  1 
B-1  Fix/BK  No.  2 
948.2/951 
948.2/S8Jt 
948.2/SBIt 
loot- to-f  Sap 


(ISO  Effort) 
(BSD  Effort) 


(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 


(BSD  Effort) 


TABLE  1-lA  (Cont) 

MASTER  SURVEILtANCE  TEST  SCHEDULE 


ADDED  1  July  1966  1-lOD 


frop* 1  lent *tO' 1  Inc r  bond  fSU  I 


r«llurr  rrllrda  itudy 


Phyaltal  cbcalcal 
ntyilral  4  rhcnlcal 
niyalcat  4  ihcnlcal 
niyalcal  4  cKcalcai 


Mt>.  i>f 
Sp*<  iAMrn 
Plaiad  In 

Sioragc.  ijKMAMJtASOND 


Intarnal  Intulacor 


Failure  criteria  itudy 
KfD  IV3  Phenol ic 
Iwna  N 

I- - 

Extarnal  Iniulation  i 


(ISO  effort) 
(ISD  effort) 
(ftSD  Effort) 
(BSD  effort) 


1 

Fhyilcal 

(BSD  effort) 

(BSD  effort) 

F%yi(cat 
Subacala  a 

tatlc  (Eroalon) 

ftiyi  (cal 
Subacale  a 

tatlc  (Eroaton) 

rtiyalcal 

Ptiyalcal 

Phyatcal 

Adheatvr  and  Potcinn 
[  Caapound 


njt  J  I170-E18 
A  12  T 
934 

DCQ>9>0024 
937.2 
K1V7  7 
rrv88 
923 
C-7 

Thlxon  CB2 
C-7/SM  80/20 
C-;/SB*  60/40 
C-7/NBA  80/20 
C-7/MBR  60/40 
923.  2/S  BR 
923. 2/NBII 
B-l  FU/BPC  No.  I 
CYN/BPC  No.  1 
B-l  Ffa/BPC  No.  2 
948. 2/9b  J 
948.2/SBK 
94g.2/SBR 
Boot  - to-f lap 


(BSD  effort) 
(BSD  effort) 


(BSD  Effort) 
(BSD  effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 


St  at  1c  fire 
Static  (ire 
Static  fire 
Static  fire 


Hold  8  ipeclnena  to 
Hold  72  ipcv  '  eni  f 
Hold  72  ipeclneni  f 


Hold  135  ipecine 


(BSD  Effort) 


TABI.E  I-IA  (Cont) 


MASTER  SURVEILIANCE  TEST  SCHEDULE 


ADDED  1  July  1966  l-lOE 


Fa 


— — 

Ko.  of 

Speclaan 

1973 

Teat 

Storage 

JFHAMJJASONO 

JPMAMJJ  /  SOND 

Propell«nl*to-lln*r  bond  FSU  I 

Phya 

cal  6  chanlcal 

180 

Fbyaical  6  chanlcal 

fSU  11 

Phyalral  6  Lhanical 

186 

6 

Phyalcal  &  chaalral 

8 

F«llur«  criteria  tCudy 

Syatm  -1 

Phya 

cal 

•  2 

36 

-3 

34 

-4 

60 

-5 

56 

•6 

60 

-7 

27 

-9 

120 

-10 

Riyalcal 

59 

phyaical 

81 

-12 

84 

•U 

172 

-15 

(BSD  Effort) 

126 

•17 

(BSO  Effort) 

120 

•  18 

(BSO  Effort) 

120 

•H 

(BSD  Effort) 

248 

8  B 

8  8 

•  20 

(BSO  Effort) 

135 

6  6 

-22 

Phyalcal  (BSD  Effort) 

138 

6  6 

Internal  Inaulator  PSU  1 

Ftiyaical 

96 

6 

Subacala  aeacU  (troalon) 

23 

PSU  11 

Pbyatcal 

48 

Subacala  ataclc  (Eroalon) 

8 

1 

Failure  crltarla  acudy 

nn  150  Phanolic 

niyaleal 

99 

Buna  N 

Phyatcal 

92 

Buna  S 

niyaical 

483 

16  22 

16  22 

ntyalcal 

354 

^yalcal 

2880 

120 

FunKua 

240 

niyalcal 

3684 

666666666b66 

BB 

Phya 

leal 

380 

Phyalcal 

46 

Ailhaalve  and  Potting  J  1170-E18 

niyalcal 

176 

8 

8 

Conapound  A  12  T 

176 

8 

934 

176 

8 

8 

DCQ-9-0024 

88 

4 

4 

937.2 

88 

4 

RTV7  7 

88 

4 

RTV88 

68 

4 

923 

176 

4  4 

4  4 

C-7 

176 

8 

Thtxon  CB2 

TV 

4 

C-7/SBR  80/20 

12 

C-7/SBR  60/40 

ffl 

12 

r-7/NBIl  80/20 

12 

C-7/NBR  60/40 

1? 

923. 2/S  BK 

(BSD  Effort) 

12 

92  3.  2 /NBA 

>  (BSD  Effort) 

12 

B'l  Flx/BPC  No.  1 

n^ya  leal 

12 

CYH/BPC  No.  1 

Chaailcal 

B-1  Flx/BPC  No.  2 

Phyalcal  (BSD  Effort) 

44 

948.2/753 

n>yaical  (BSO  Effort) 

948.2/SBR 

Phyalcal  (BSD  Effort) 

12 

948.2/SBR 

Peel  (BSD  Effort) 

12 

Boot-to-ilap 

Peel  (BSD  Effort) 

6 

6 

FSU  Hoton  Ulng  1 

Static  fire 

:r 

Ulng  11 

Static  fire 

ying  IV 

Sta 

It  fire 

Wing  v/i 

Sta 

Ic  fire 

IBI 

III 


/ 


TABLE  I-IA  (Cont) 

MASTER  SURVEILLANCE  TEST  SCHEDULE 


197J 

A  M  J  J  A  S  0  N  D 

1974 

JFMAMJJASONH 

1975 

J  FMAMJJASOND 

197b 

jrMAMJJASONl) 

1977 

J  FHANJJASOND 

8 

8  8 

1 

6 

6  6 

6  6 

6  6 

6  6 

16  22 

120 

.1 

666666666 

666666666666 

6  6 

8 

8 

8 

8 

b 

8 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4  4 

4 

8 

8 

4 

4 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

8 

8 

12 

12 

12 

12 

12 

6 

6 

6 

- 1 
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TABLE  1-2 


LABORATOIY  EXTENSION  PROGRAM 


Items 

Wing  Coverage 

Approximate 
Gain  or  Loss 
of  Leadtlme 
(mo)* 

Original 

Extens Ion 

Igniter 

I  thru  VI 

I  thru  VI 

-3 

Igniter  pellets 

I  thru  VI 

I  thru  VI 

+  1 

TT  A/D  switch 

I  and  II 

I  thru  VI 

-6 

Nozzles 

I 

II  thru  VI 

+6 

Propellant 

I  thru  VI 

I  thru  VI 

+  19 

Case  bond  system 

I  and  II 

I  thru  VI 

+2 

Splralloy  case 

I  and  II 

I  thru  VI 

+  11 

Frangible  sectors 

I  thru  VI 

I  thru  VI 

0 

Internal  Insulation 

Buna-N 

I 

I 

0 

Buna-S 

II  thru  VI 

II  thru  VI 

+2 

Asbestos  phenolic 

I 

I 

0 

Nylon  phenolic 

None 

II  thru  VI 

+2 

Pressure  seals 

I 

I  thru  VI 

+6 

External  Insulation 

I  thru  VI 

II  thru  VI 

-2 

Adhesives  and  potting  materials 

Seam  sealing  (CS) 

None 

I  thru  V  • 

+6 

RTV-88 

None 

I  thru  VI 

-36 

RTV-77 

None 

I  thru  VI 

-36 

C-7  (80/20) 

None 

I  thru  VI 

-36 

C-7  (60/40) 

I 

I  thru  VI 

0  ' 

Epon  923 

None 

II  thru  VI 

-22 

Tlxon  CB2 

None 

I  thru  VI 

-36 

Urethane  potting 

None 

1  thru  VI 

+  19 

BPC-  No.  1 

None 

II  tiifu  V 

0 

A-12-T 

None 

I  thru  VI 

-36 

Epon  934 

None 

II  thru  VI 

-22 

Epon  923.2 

None 

II  thru  VI 

-22 

Epon  937.2 

None 

II  thru  VI 

-22 

DCQ-9-0024 

None 

I  thru  VI 

-36 

Epon  948 . 2 

None 

VI 

0 

Epon  953 

None 

VI 

0 

BPC-  No.  2 

None 

VI 

-2 

*  Leadtlme  Is  based  on  oldest  motors  of  each  wing  in  operational  force 
at  time  of  program  extension  (Nov  1964) 


BASIC  CONFIGURATIOK  FOR  DISSECTED  GRAINS 
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♦Vendor : 

GYR  -  Goodyear  Tire  and  Rubber  Co 
USR  -  U.  S.  Rubber  Co 

RH  -  Hercules'  Rocky  Hill,  New  Jersey  Plant 
BS&B-  Black,  Sivalls,  and  Bryson 


TABLE  1-S 


TEST  PARAMETERS 


Test  Item 

Parameter 

Data  Used 

For  Service 

Life  Predictions 

Ignition  system 

Max  pressure^ 

Ig>ilter 

X 

Avg  pressure 

X 

Ignition  delay 

X 

Burning  tlate 

-- 

Impulse 

-- 

Chemical  changes 

S  &  A  device 

Actuation  current 

.. 

Actuation  time 

Ignition  pellets 

Heat  of  reaction 

Impact  sensitivity 

-- 

Moisture  content 

Vibration  resistance 

.. 

Energy  to  Ignite 

X 

Energy  liberated 

X 

TT  system 

A/D  switch 

j 

Arming  time 

•• 

Arming  circuit 
resistance 

— 

Firing  circuit 
resistance 

X 

Frangible  sectors 

Actuation  time 

X 

Fragmentation 

Brldgewlre  resistances^) 

X 

Nozzles 

Nozzle  assembly 

Cold  torque 

X 

1 

1 - 

Pressure  leak 

X 

I  ^  ^Current  failure  crieeria  values  >910  psi'>.  (pending  results  of 
i  Igniter  Failure  Criteria  Study) 

;  (0) 

'  'Current  failure  criteria  values  -  0.21  ohms  (based  on  specification 
I  limit) 
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TABLE  1-5  (Cont) 


TEST  PARAMETEBS 


Data  Used 
for  Service 

Test  Item 

Parameter 

Life  Predictions 

Case 

Tensile  shear 

Interlaminar  shear^^^ 

X 

spec Imens 

Short  beam  ahear(^) 

X 

Lap  shear 

X 

Hoop  tensile 

Wafer  bottles 

Burst  pressure 

-- 

FSU  cases 

Burst  pressure 

-- 

Internal  insulation 

Rubber 

Tensile 

Elongation^') 

X 

Density 

•• 

Hardness 

•• 

Erosion 

X 

NG  migration^ 

Phenolic 

Tensile 

" 

Hardness 

•• 

Elongation 

-- 

Erosion 

X 

External  insulation 

Avcoat 

Tensile 

-- 

Elongation 

Hardness 

"  •* 

Cork 

Tensile 

— 

Hardness 

-- 

Elongation 

-- 

Density 

““ 

^^^Current  failure  criteria  values  "  50  percent  degradation  of  Initial 
value 


^^^Current  failure  criteria  values  -  30  percent  degradation  of  Initial 
data  (based  on  case  design  safety  *^ictor) 

^^^Current  failure  criteria  values  -  3.5  percent  (based  on  hydroburst 
data  on  allowable  case  expansion) 
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TABLE  1-S  (Cont) 


TEST  TARAMETERS 


Test  Item 

Parameter 

Data  Used 

For  Service 

Life  Predictions 

Propellant  grain 

Maximum  stress 

X 

Strain  at  oiax  stress 

X 

Maximum  strain 

X 

Stress  at  isax  strain 

X 

Creep 

-- 

Relaxation  sudulus 

-- 

Chemical  changes 

X 

Accumulative  daisage 

“• 

Case  bond 

Tensile 

X 

Peel 

-- 

Chem  profile 

X 

Adhesives  and 

Tensile 

-- 

potting  compounds 

Elongation 

-- 

Hardness 

-- 

Peel 

-- 

Shear  * 

-- 

Chemical  changes 

There  ere  uny  teats  and  obaervetlons  made  In  the  Leboratory 
Support  FrogrM  which  do  not  provide  measurable  data.  This  type  of  Inforiia- 
tlon  Is  recorded  by  photographs  or  other  means  and  used  In  making  predic¬ 
tions  and  performing  failure  analyses. 

The  procedure  for  analyzing  and  Interpreting  data  has  been 
designed  to  establish  a  consistent  method  for  making  service  life  predic¬ 
tions.  The  procedure  Is  outlined  In  the  following  paragraph. 

c.  Service  Life  Estlmatlnit  Procedure 
1)  Introduction 

The  minimum  service  life  of  motors  In  the  Mlnuteman 
propulsion  system  Is  normally  considered  to  be  the  demonstrated  storage  life 
determined  by  the  oldest  successful  full-scale  motor  firing.  However,  only 
limited  confidence  can  be  placed  on  a  single  motor  test.  Also,  because  of 
the  small  sample  size,  minor  configurational  differences,  and  the  relatively 
short  lead  time  of  the  storage  sntors  over  the  operational  force,  data  from 
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storage  motor  firings  alone  Is  not  sufficient  for  estimating  minimum  ser¬ 
vice  life.  Supporting  data  Is  necessary  to  confirm  and  extend  the  minimum 
service  life  estimate.  Use  should  be  siade  of  the  data  from  additional 
motor  firings,  laboratory  component  aging  atudles,  the  literature,  and  other 
storage  programs.  An  early  prediction  of  the  minimum  service  life  Is 
essential  to  avoid  excessive  unreliability  costs  and  to  provide  maximum 
response  time  so  that  replacement  or  retrofit  action  can  be  Initiated  on 
the  most  cost  effective  basis.  The  minimum  service  life  Is  defined  as  the 
age  at  which  critical  propulsion  system  failures  begin  to  occur  due  to 
ageout  cf  components. 


The  basic  assumption  In  estlxsatlng  the  minimum  service 
life  from  motor  coag>onent  data  Is  that  the  useful  life  of  the  motor  will 
not  be  lest  than  the  time  required  for  the  most  age-sensltlve  component  to 
ageout.  Consequently,  aging  trend  data  for  the  Individual  motor  components 
and  materials  can  be  used  to  predict  the  minimum  service  life  of  the  propul¬ 
sion  systems  and  provide  a  longer  range  estimate  than  Is  possible  from 
motor  firing  tests  alone.  This  approach  requires  a  great  deal  of  engineer¬ 
ing  Judgment  and  many  assumptions  as  follows: 

(a)  laboratory  aging  la  comparable  to  motor  aging. 

(b)  Proper  components  and  materials  have  been 
selected  for  testing. 

(c)  Proper  test  methods  and  parameters  have  been 
selected, 

(d)  Predicted  mode  of  failure  Is  realistic. 

(e)  Aging  trend  can  be  expressed  by  a  mathe¬ 
matical  model  and  reliably  extr*polated. 

(£)  Estimated  failure  limits  will  result  In  a 
critical  motor  failure. 

Because  of  these  many  assumptions,  a  conservative  approach  must  be  used  In 
assessing  laboratory  component  data  to  avoid  unrealistic  astlmates. 

The  detailed  procedure  for  estimating  aatvlca  Ufa  Is 
contained  In  XRH,  Inc,  docximont  6001-R0  000,  dated  10  June  1966.  A  brief 
outline  of  the  procedure  la  contained  In  the  following  Paragraphs: 

2)  Demonstrated  Service  Life 

The  demonstrated  service  life  of  a  motor  shall  be  baaed 
on  the  results  of  static  firings  of  full-scale  motors  and  flight  tests  of 
missiles.  In  addition  to  the  oldest  successful  firing,  which  provides 
factual  evidence  of  satisfactory  performance  of  at  least  one  unit  at  this 
age,  an  estimate  of  the  probability  of  additional  successful  firings  at 
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varloua  ag**  tha  aaaociatad  confidence  level  of  the  probability  itate- 
nenta  ahall  ba  provided.  Thla  probability  itatement  Is  termed  the  demon* 
atratad  probability  of  no  ageout  (I^MA)  and  utlllaea  all  aucceaaful  aged 
motor  flrlnga  to  eatlmate  the  confidence  In  the  deaionatrated  aervlce  life 
and  to  provide  eatlmatea  of  ageout  probability  beyond  the  demonatrated 
aervlce  Ufa.  It  ahould  ba  noted  that  the  method  uaed  to  make  the  state¬ 
ment  of  probability  of  no  ageout  la  not  Intended  to  predict  the  reliability 
of  the  force  after  fallurea  have  occurred  due  to  aging;  additional  technl- 
quea  are  necaaaary  to  eatabllah  a  atudy  of  thla  nature. 

In  calculating  probability  of  no  ageout,  separate 
estimates  ahall  be  provided  for  Wings  exhibiting  significant  configurational 
differences.  The  VNA  and  the  associated  confidence  level  shall  be  deter¬ 
mined  at  1-yr  Intervals  (starting  at  3  yr)  on  an  accumulated  age  basis, 

A  demonstrated  service  life  ahall  also  be  provided  for 
all  antor  cooponents.  In  addition,  the  DPNA  value  shall  be  calculated, 
tihen  sufficient  data  are  available,  for  all  motor  components  defined  by  an 
Air  Force  Model  Specification. 

3)  Predicted  Minimum  Service  Life 

An  estimate  of  the  minimum  service  life  of  the  motor 
shall  be  made  from  laboratory  studies  of  materials  and  components.  The 
minimmi  service  life  estimate  of  the  motor  shall  be  based  on  the  predicted 
minimum  service  life  of  the  most  age-sensltlve  component. 

Minimum  predicted  service  life  of  a  component  shall  be 
based  mainly  on  trend  analyses  of  data  obtained  from  tests  on  the  compon¬ 
ent  when  aged  under  simulated  silo  conditions.  Accelerated  aging  data  or 
data  obtained  under  non-sllo  conditions  shall  only  be  used  to  predict  ser¬ 
vice  life  when  Insufficient  data  Is  available  from  storage  tests  conducted 
under  simulated  silo  conditions.  Estimates  based  solely  on  accelerated 
aging  data  shall  be  distinguished  by  the  symbol  (A)  after  the  estimate. 
Accelerated  aging  data  will  also  be  of  value  in  predicting  probable  failure 
modes-  After  sure  than  five  data  points  from  ambient  storage  tests  have 
been  obtained,  representing  at  least  2-yr  storage,  the  accelerated  aging 
data  shall  only  be  used  to  confirm  the  validity  of  extrapolated  ambient 
trend  data.  The  latter  validation  shall  be  done  by  converting  the  acceler¬ 
ated  data  to  on  equivalent  time  at  ambient,  by  means  of  a  temperature-time 
superposition  method,  or  by  use  of  an  Arrhenius  relationship. 

4)  Plan  for  Predicting  Minimum  Service  Life 

The  general  plan.  Including  the  essential  steps  for 
predicting  minimum  service  life,  is  shown  in  Figure  1-1.  The  basic  approach 
Is  as  follows: 


(a)  Critical  parameters  are  Identified  by  a 

careful  study  of  components  and  materials  In 
the  motor. 
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(b)  These  parameters  are  used  to  detect  trends 
due  to  age  by  plotting  a  curve  of  data 
versus  time. 

(c)  Plots  similar  to  the  one  shown  in  Figure  1-2 
are  selected,  which  will  provide  a  trend  line 
to  assist  In  visual  Interpretation. 

(d)  Trend  lines  are  rigidly  defined  by  using 
standard  regression  techniques  whlcli  enable 
uniform  treatswnt  and  st&tlstlcal  assessment 
of  the  significance  of  data. 

(e)  A  band  representing  .feasible  error  in  assess¬ 
ing  trends  la  placed  Around  each  trend  line. 
To  provide  maximum  usefulness,  the  band 
selected  la  a  3  alpui  band.  This  approach 
enables  useful  estimates  to  be  made  in  highly 
extrapolated  regions  using  the  limited  num¬ 
ber  of  s>B4>les  usually  available. 

(f)  A  failure  criterion  Is  used  as  the  limiting 
acceptable  value  for  the  trend  observed, 
vniere  possible  the  failure  criteria  Is 
analytically  or  experimentally  determined 
using  the  performance  requirements  of  the 
motor  as  criteria. 

(g)  When  no  failure  criteria  are  available,  the 
predicted  mlnlaum  service  life  will  be 
obtained  by  analytically  testing  the  value 
of  the  parameter  at  selected  ages  '»  deter¬ 
mine  the  minimum  scceptsble  age.  ihe  advant¬ 
age  of  this  approach  Is  chat  detailed  analysis 
of  failure  limits  need  only  be  made  for  Items 
which  have  critical  trend  curves  at  this  time. 

(h)  If  the  failure  criterion  has  confidence  bands 
associated  with  It,  the  service  life  estimate 
Is  based  on  Che  limiting  or  worst  case  value. 
Safety  factors  Involved  In  failure  criteria 
bands  are  based  on  the  degree  of  uncertainty. 


1-19 


CHANGED  1  July  1966 


(I)  Tha  conclusion  reached  fron  trend  analyelt 
retarding  ailnlawa  aarvlca  of  a  component  la 
carefully  reaaaeaaed  In  the  light  of  all 
other  available  data,  and  further  actlona 
are  detemlued< 

(J)  Actlona  reeultlng  from  theae  atudlca  Include 
laolatlon  of  age-aanaltlve  Itema'  reconmenda* 
tlon  for  confirmatory  teata  to  affirm  validity, 
reduction,  or  dlacontlnuance  of  teatlng;  and. 
In  caaea  of  relatively  ahort>llved  componenca, 
racoaaMndatlona  concerning  replacement. 

d.  PoBfilutatlon  Dtfferencea 

To  provide  saxlmum  lead  time  In  both  the  laboratory 
and  oiotor  prograau,  the  oldeat  velated  data  la  utlllted  aiharever  poaalble. 

In  Bumy  caaea,  conflguratloii  ulfferencea  exlat  between  the  teat  aample  and 
the  operational  unit.  To  apply  the  older  data,  therefore.  It  la  neceaaary 
to  analyae  the  configuration  dlfferencea  and  aaaeaa  the  applicability  of 
the  data.  If  the  configuration  dlfferencae  are  algnlf leant,  the  service 
life  estlmatea  are  baaed  mainly  on  new  samples  and  the  old  data  used  only 
as  a  guide  In  predicting  probable  failure  modta  and  degradation  rates. 

In  many  cases,  where  the  configuration  differences  are  slight,  the  older 
data  Is  used  effectively. 
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Flgur*  1*1. 


Flov  Oiart  for  Deconnlnlng  Mlnlaua  Sorvlc*  Lift 
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Figure  1-2.  Seaple  Age  Trend  Curve 


m 


7.  Kaportlng 

Th«  Survalllcnc*  Quarterly  Saport  la  tha  principal  Mthod  for 
reporting  aurvalllanca  data.  Iha  report  eontalna  prograi  atatua  and  data 
auaaarlaa  for  all  aapecta  of  tha  prograai.  Specific  ItaaM  of  infonatlon 
which  routinely  appear  In  tha  report  Include,  for  each  aajor  Itaa  daacribed 
In  Chapter  2,  a  dlacuaalon  of  problan  araaa,  probable  failure  eodaa,  a 
aervlca  life  eatlaata,  the  baala  for  tha  aarvlca  aatlaate,  and  plana  for 
conflralng  the  aarvlca  eatlaata  for  the  waak-llnk  Itaaa, 

Iha  regreaalon  analyala,  from  tdilch  the  aervlca  life  predlctlona 
are  baaed,  are  Included  In  the  report  In  tha  form  of  grapha.  Ihaae  grapha 
coixtaln  a  "beat  fit"  regreaalon  m^el  for  the  average  data  polnta  accunu- 
latev'  from  tha  periodic  teata  daacribed  in  Chapter  2.  -The  grapha  alao 
Include  tha  3-al9U  llmlta  for  tha  ragraaalon  line,  aa  dlacuaaed  in 
paragraph  6,  and  the  S-alffM  valuea  for  each  time  point.  Six  coplea 
each  of  the  report  will  be  aubmltted  to  BSD  and  OOAMA  on  the  20th  of 
the  month  following  the  reporting  period. 

Other  reporta  aubmltted  aa  part  of  the  atorage  program  reporting 
requlrementa  arc  the  following: 

(a)  Motor  Final  Firing  Report  (deacribed  in  Chapter  3) 
which  will  be  aubmltted  on  all  future  Surveillance 
fir Inga 

(b)  Surveillance  Working  Group  (SWC)  Handout,  which  la  the  I 

lateat  publiahed  Surveillance  Quarterly  Report 

C.  DEVELOFMENT  OF  SERVICE  LIFE  PREDICTION  CRITERIA 

1.  Introduction 

Since  the  accuracy  of  aervice  life  predictions  la  dependent  on 
the  validity  of  failure  criteria,  it  la  imperative  that  the  most  accurate 
failure  criteria  be  established.  Failure  Criteria  Development  Studies 
have  been  initiated  to  Improve  the  failure  criteria  for  the  items  which 
are  considered  to  have  the  least  reliable  criteria  and  the  hipest  probability 
of  failure. 
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8. 


Dl8PO»ltlon  of  Fired  Motors  and  Spent  tUrdwre 


The  motor!,  after  atetlc  testing,  are  given  a  complete  postflre 
analysis  which  Includes  case  and  nozzle  sectioning.  The  hardware  Is  photo¬ 
graphed  to  document  the  condition.  The  remains  are  then  crated  and  stored 
for  the  duration  of  the  10-year  program. 

9.  Movement  of  Classified  Type  III.  Class  K  Explosive 

All  storage  motors  were  shipped  to  the  HAPB  storage  site  with 
Igniters  and  S  &  A  devices  Installed  as  Type  III,  Class  A  Explosive. 

10.  Installation  of  Simulated  Flight  Hardware 

Simulated  flight  hardware  installed  on  storage  motors  consists  of 
weights  which  simulate  the  loads  ap, piled  to  the  motors  hy  the  NCU  warhead 
and  the  flight  nozzle  exit  cone.  The  hardware  Is  described  In  Volume  II, 
Chapter  3,  Section  I.  Table  1-9  lists  the  type  of  hardware  and  the  dates 
of  Installation. 

11 .  Motor  Testing 

Hercules  has  successfully  deatonstrated  4-year  storage  capabilities 
of  the  Wing  I  stage  III  Mlnuteman  motors.  This  capability  was  demonstrated 
by  firing  storage  motor  1-5-2  on  30  December  1964.  Prior  to  the  4-year 
demonstration  teat,  eight  motora  had  been  tested,  ranging  In  age  from 
6  months  to  3  years.  The  testing  of  the  4-year  old  motor -concluded  Hercules 
responsibility  for  testing  Wing  I  storage  motors.  One  26-sx>nth-old  Wing  II 
motor  was  also  tested  successfully. 

B.  LABORATORV  SUPPORT 

1.  Summary 

The  Laboratory  Support  Program  was  Initiated  in  April  1960.  The 
Items  placed  In  storage  earliest  were  those  felt  to  be  most  susceptible  to 
aging.  As  the  program  developed,  more  Items  which  were  susceptible  to 
aging  were  added.  New  Items  were  also  added  as  design  Improvements  were 
made.  The  status  of  the  continuing  portion  of  the  Laboratory  Support 
Program  Is  presented  In  the  Quarterly  Report,  Duration  of  programs  are 
shown  In  the  Individual  test  plans. 

2 .  Completed  or  Discontinued  Test  Programs 

Some  of  the  test  programs  presented  In  the  preceding  program  plan, 
MTO-258-3A,  have  been  discontinued,  or  the  scheduled  testing  has  been  com¬ 
pleted.  These  programs  were; 

(a)  Splralloy  Interlaminar  shear  tests 

(b)  Propellant  physical,  stability,  and  ballistics  pro¬ 
perties  tests  (constant  rate  tensile,  Tallanl,  auto- 
Ignltlon,  and  subscale  firings) 
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TAXtl  1-9 


WINGS  I  THROUGH  VI  STORAGE  NCXIOR 
HARDWARE  INSTALLED 
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SECTION  Z 


IGNITER  AND  IGNITER  SAFE  AND  ARM 
SERVICE  LIFE  PREDICTION  STUDY 


A.  INTRODUCTION 

Th«  D>6  pyrogen  Ignitor,  oCudlod  under  thle  progrea,  le  the  conflgure- 
tlon  ueed  in  Hinge  I  through  VI  etage  III  aotore.  The  propellent  coaposi* 
tion,  HPC  lIS-OS-S-ll,  is  DDF  (80  percent  MG).  The  igniter  testing  is 
conducted  in  two  parts.  Part  one  consists  of  storing  and  conditioning 
igniters  with  igniter  Safe  and  Ans  (S  &  A)  devices  attached.  Pert  two  of 
the  igniter  testing  consists  of  dissecting  aged  igniters  and  conducting 
■icroscopic  and  chsaical  inapectiona. 

The  igniters  scheduled  for  dissection  :«ere  approxiaately  2  years  old 
at  the  tiae  of  storage;  therefore,  testing  will  begin  with  the  2 -year  test 
period.  The  dissected  igniters  will  provide  inforaation  required  for 
igniter  failure  analysis  studies  and  supply  the  pellets  required  for  ex¬ 
tending  the  pellet  service  life  prediction  study  (Section  IZ)  froa  3  to  10 
years . 


The  S  g  A  devices  under  study  are  the  KR-80000-03  end  -06  configura- 
tiona.  More  detailed  se  vice  life  data  on  these  later  configurations  can 
be  obtained  froa  the  Thiokol  Cbcadcal  Corporation.  The  S  &  A  devices  arc 
included  in  this  program  in  order  to  store  the  igniters  in  operational  con¬ 
figuration  and  are  not  1  tended  for  service  life  prediction.  The  data 
obtained  is  additional  Inforaation. 

B.  DETAILED  TEST  FLA.. 

1.  Acquisitt«;»r  gsnfttf 

The  28  igniters,  10  part  No.  01AOOS60-003  and  18  part  No.  01A00S60 
001,  obtained  for  the  pcrforaancc  testing  were  procured  froa  Hercules' 

Kenvil  Works. I 

The  two  igniter  configurations  are  the  saae,  except  the 
No.  01A00360-001  (R  &  D)  has  two  pressure  transducer  taps  whereas  the 
No.  01A00S60-003  (operational)  haa  only  one  tap.  The  one  pressure  tap  is 
used  on  operational  units  for  installation  of  the  operational  presaure 
tranaducer. 


Of  28  S  &  A  devices  procured  for  this  testing  prograa,  10  are  part 
No.  KR-80000-06,  sMnufactured  by  Pelaac  Division  of  (^antic  Industries 
and  18  are  part  No.  KR-80000-03,  sMnufactured  by  Bulova  Research  Devclop- 
■ent  Laboratory. 

The  16  igniters,  part  No.  01A00S60-1,  obtained  during  December 
1964  for  diseection,  were  manufactured  by  Kenvil  Works  between  Decesiber  1962 
and  March  1963>.  The  temperature  of  the  building  in  which  the  igniters  were 
stored  is  sMintained  at  70P  -f  10^  F. 
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2.  Prwr«tton  for  8tor>«« 

Each  igniter  la  given  a  eoaplata  radiographic  and  viaual  Inapac- 
tion  prior  to  atoraga.  The  28  ignitara  and  S  &  A  davleea  required  for  the 
parfotMnee  taatlng  era  aasanblad  together.  In  order  to  elnulate  opera¬ 
tional  conditional  the  ignitara  are  mounted  in  a  atoraga  container,  drawing 
No.  01B0217S,  which  holda  the  unit  in  a  vertical,  baae-down  attitude. 

3.  Storage 

a.  Storage  Condition 

Igniter  aaaembllea  will  be  atored  at  70°  +  10°  F  and  visually 
Inapected  bhaonthly  to  datact  any  external  damage,  such  as  corrosion  and 
oxidation.  Any  significant  discrepancy  will  be  photographed,  documented, 
and  reported.  Withdrawal  from  atoraga  for  conditioning  and  tasting  Is 
scheduled  in  Table  2-1. 

4.  Conditioning.  Inspection,  and  Teat 

a.  Transportation  Vibration  Conditioning 

Tranaportation  vibration  will  simulate  expected  motor  trans¬ 
portation.  The  Igniter  and  S  &  A  assembly  will  be  mounted  on  an  Igniter 
vibration  teat  fixture,  drawing  No.  01E92713,  designed  to  simulate  opera¬ 
tional  conditions.  The  vibration  requirements  are  as  follows: 

(1)  Amplitude:  3. 5  G  ims  between  5  to  50  cps; 
vibration  limited  to  O.A  in.  peak-to-peak 

(2)  Range:  5  to  SO  cps 

(3)  Duration:  Two  double  sweeps  (5  to  50  cps  and 
return  to  5  cps  for  each  double  sweep)  at  1/2 
octave  per  minute 

(4)  Order  of  vibration; 

(a)  2  -  axis  (Longitudinal) 

(b)  X  -  axis  (Transverse  vertical) 

(c)  Y  -  axis  (Transverse  adjacent) 

b.  Temperature  and  Humidity  Cycling 

Temperature  and  humidity  cycling  represents  igniter  and 
S  &  A  shipment  prior  to  assembly  in  the  motor.  This  cycling  wac  conducted 


TABLE  2-1 


IGNITER  AND  IGNITER  SAFE  AND  ARM  DEVICE  TEST  SCHEDULE 


S  &  A  S  &  A  Igniter  Teat  Sequence  (no  froa  sero  time)** *** 


Serial 

No. 

Dash 

No, 

Serial 

No. 

Zero 

Time  Date* 

000-1-132 

|!| 

0557 

Nov  62 

000-1-135 

■  1 

0549 

Nov  62 

000-1-136 

-06 

0362 

Sep  62 

000-1-13A 

-06 

0548 

Nov  62 

000-1-131 

-06 

Nov  62 

000-1-097 

-06 

Sep  62 

000-1-129 

-06 

Nov  62 

OOO-l-lAO 

-06 

Nov  62 

000-1-130 

-06 

Sep  62 

OPIOOOO 

-03 

0710 

Jen  63 

0F10028 

-03 

0711 

Jan  63 

0F10024 

-03 

0708 

Jan  63 

000-1-139 

-06 

0365 

Sep  62 

000-1-133 

-06 

0560 

Nov  62 

0P10023 

-03 

0714 

Jan  63 

0P10019 

-03 

0702 

Dec  62 

000-1-137 

-06 

0550 

Nov  62 

000-1-138 

-06 

0553 

Nov  62 

000-1-146 

-06 

0359 

Sep  62 

000-1-356 

-06 

0558 

Nov  62 

000-1-145 

-06 

0552 

Nov  62 

000-1-096 

-06 

0555 

Nov  62 

000-1-242 

-06 

0559 

Nov  62 

OP  10015 

-03 

0713 

Jan  63 

OP  10008 

-03 

0703 

Dec  62 

OF  10026 

-03 

0705 

Jan  63 

OP  10017 

-03 

0701 

Dec  62 

OP 1002 7 

-03 

J709 

Jan  63 

— 

0704 

Jan  63 

— 

0706 

Jan  63 

— 

0712 

Jan  63 

— 

0908 

Mar  63 

-- 

^F! 

0910 

Mar  63 

— 

^F! 

0911 

Kar  63 

-- 

^F! 

0912 

Mar  63 

^F! 

0914 

Mar  63 

-- 

0915 

Mar  63 

*  ■  Receiving  <Ute 


**  •  Test  Sequence: 


«  >  Trenaportetlon  vibration  and  Inspection 

b  *  Tenperature  and  humidity  cycle,  mechanical  and  electrical  Inspections 
c  ■  Flight  vibration,  X-ray,  mechanical  and  electrical  Inspections,  and  firing 
d  ■  Flight  vibration,  X-ray,  dissection,  and  analysing  of  parts 


e  ■  X-ray 


***  »  Initial  time  test 
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•t  RPC/B  In  accordanc*  with  tha  following  procedure: 

(1)  Expose  units  to  room  tenperature  (70°  +  10°  F) 

for  4  hr.  ~ 

(2)  Place  units  In  conditioning  oven  at  100°  F  and 
70  percent  rh  for  4  hr. 

(3)  Set  oven  at  140°  F  and  nuiincaln  70  percent  rh  for 
16  hr. 

(4)  Set  oven  at  100°  F  for  4  hr  at  70  percent  rh. 

(5)  Sat  oven  at  60°  F  and  10  percent  rh  for  4  hr, 

(6)  Sec  oven  at  20°  F  maintaining  10  percent  rh  for 
16  hr. 

(7)  Remove  units  from  oven  and  condition  at  room 
temperature  for  4  hr. 


c.  Mechanical  and  Electrical  Cycling 

Mechanical  and  electrical  cycling  represents  the  inspections 
made  on  the  system  during  the  recycle  of  a  missile.  The  nondestruct 
Inspection  and  testing,  performed  at  each  withdrawal  period,  will  constitute 
the  mechanical  and  electrical  cycling. 


d.  Operational  Vibration  and  Acceleration  Conditioning 

Operatloiul  vibration  and  acceleration  conditioning  will 
simulate  the  vibration  and  acceleration  received  during  flight.  The  igniter, 
with  S  &  A  device  attached,  will  be  subjected  to  operational  vibration  and 
simulated  flight  accelerations  as  specified  in  paragraphs  3.6.2,  3.6.3,  and 
4.4.4  of  Specification  HPC-133-08-4~l.  The  S  &  A  devices  will  be  armed 
prior  to,  and  during,  vibration  and  acceleration.  The  electrical  circuits 
will  be  monitored  during  vibration  and  acceleration  for  contact  chatter, 
variation  of  resistance,  and  rotor  bounce.  The  monitoring  current  will  be 
500  ma.  The  vibration  fixture  to  be  used  is  Wyle  drawing  No.  13-E-478. 

e.  Inspection  Testing  Sequence 
1)  Safe  and  Arm 


The  S  &  A  assemblies  will  be  given  arm  and  disarm 
inspection  tests  in  accordance  with  specification  HPC-133-02-2-2B,  para¬ 
graph  4.4.2,  Specification  for  Igniter  Safe  and  ,'>rm  Device. 

2)  Igniter 

A  visual  inspection  will  be  made  after  each  condition¬ 
ing  sequence  to  determine  the  formation  of  corrosion,  surface  cracks,  bond 
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separations,  and  other  external  damage.  Any  significant  discrepancy  will 
be  photographed  and  reported. 

3)  Radiographic  Inspection 

Radiographic  inspections  of  the  igniter  will  be  con¬ 
ducted  in  accordance  with  specification  HPC-133-02-5-2 ,  General  Requirements 
for  Radiographic  Inspection.  Results  of  the  inspection  will  be  analyzed 
to  determine  the  presence  of  voids,  separations,  cracks,  or  inclusions  not 
previously  observed,  and  the  growth  of  flaws  which  existed  at  the  time  of 
acceptance  testing.  If  flaws  are  observed  which  are  in  excess  of  those 
defined  in  specification  HPC-133-02-5-2,  but  the  performance  during  test 
firing  is  still  within  specified  limits,  the  unit  will  not  be  classified 
as  a  failure.  Detallo  and  discussion  of  X-ray  inspection  will  be  included 
in  the  Surveillance  Quarterly  Report. 

5.  Petformance  Teats 


In  order  Co  conduct  the  performance  test,  the  igniter  and  the 
Igniter  S  &  A  device  will  be  separated  to  gain  maximum  data.  Tests  will 
be  conducted  for  a  period  of  10  yr,  as  indicated  by  the  schedule  contained 
in  Table  2-1. 


a.  Safety  and  Arming  Device 

After  the  scheduled  conditioning  and  Inspection  sequr'nce, 
the  S  i  A  device  will  be  cycled  in  accordance  with  specification 
HPC-133-02-2-2B.  The  Igniter  S  5c  A  device  (arm-to-dlsarm)  will  be  cycled 
a  minimum  of  1000  cycles  with  an  off  time  of  5  sec  between  each  cycle. 

After  each  fifty  cycles,  function  of  the  unit  will  be  checked  In  accordance 
with  paragraph  A. A. 2.1  of  specification  HPC-133-02-2-2B,  Upon  completion 
of  the  cycling,  the  squtbs  will  be  fired  for  functional  test. 

b.  Igniter 

The  Igniter  will  be  fired  after  undergoing  scheduled  con¬ 
ditioning  and  inspection  sequences.  Testing  of  the  Igniter  will  consist  of 
firing  the  unit  in  an  altitude  chamber  (HPC/K  drawing  No.  KD-7624)  accord¬ 
ing  to  Static  Firing  Test  Plan,  Stage  III  Surveillance. 

The  operai ''^ual  S  &  A  device  la  removed  from  the  storage 
igniters  and  replaced  with  a  S  &  A  device  (HPC/K  drawing  No.  KD  7473) 
which  Is  designed  to  permit  monitoring  of  the  igniter  bottle  pressure 
during  static  testing  of  the  igniter.  This  device  was  used  during  the 
Qualification  Program  of  the  D-6  igniter,  at  the  Hercules  Kenvll  Plant 
which  involved  testing  of  over  200  units.  The.  parameters  measured  or  cal¬ 
culated  from  an  igniter  static  test  are  as  follows; 

(1)  Average  chamber  pressure 

(2)  Burning  time 
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(3)  Igniter  delay  time 

(4)  Maximum  chamber  pressure 

(5)  Mass  flow  rate 

c.  Dlaaectlon 

The  Igniters  scheduled  for  dissection  will  be  removed  from 
storage  at  intervals  shown  in  Table  2-1.  The  dissection  will  consist  of 
three  cuts.  The  first  cut  will  be  made  imnedlately  aft  of  the  nozzle  to 
make  the  Igniter  nonpropul a Ive.  The  second  cut  will  be  made  5.75  In.  aft 
of  the  forward  end  to  allow  removal  of  the  Igniter  pellets  and  inspection  of 
the  pellet  retaining  screen.  The  third  cut  will  be  made  along  the  longi¬ 
tudinal  axis  of  the  forward  section  allowing  inspection  of  the  grain  and 
grain-case  Interfaces.  Testing  of  the  igniter  pellets  is  described  in 
Section  II.  Dissection  will  be  accomplished  in  accordance  with  General 
Operating  Procedure  GOP  2A80-75. 

The  various  Interfaces  will  be  photographed  and  retained  for 
comparltive  purposes.  Portions  of  the  cut-up  igniter  will  be  tested  for 
hardness  and  a  chemical  analysis  will  bi»  performed  to  determine  whether 
the  propellant  atmosphere  changes  the  properties  of  coatings,  case,  CA 
beaker,  interllner,  etc.  Microscopic  examination  will  be  made  for  changes 
and  degradation.  The  cork  stopper  and  plastic  diaphragms  will  also  be 
tested  for  hardness  to  detect  changes  In  physical  properties.  Infrared 
analysis  of  the  cellulose  acetate  Inhibitor  will  be  made  to  determine  the 
amount  of  NG  migration. 

An  Ignition  study  will  be  made  in  the  Kop  to  furnace,  or 
equivalent.  Using  a  calorimeter  to  measure  the  heat  Input,  the  changes  in 
ignition  properties  of  aged  propellant  will  be  determined.  The  parameters 
measured  In  the  Ignition  study  are  the  energy  to  ignite  the  propellant  and 
the  energy  liberated  by  the  propellant  when  burning. 

Chemical  tests  as  described  in  Section  VII  will  be  performed 
on  the  igniter  propellant  and  CA  beaker  to  obtain  a  chemical  profile,  which 
will  furnish  documentation  of  any  chemical  change  through  the  propellant 
and  CA  beaker.  The  dissected  Igniters  will  be  examined  closely  for  evidence 
of  exudation  or  NG  migration. 

A  complete  examination  will  be  made  of  metallic  parts  for 
corrosion  and  pitting.  This  examination  will  be  most  critical  on  the  screen 
and  tube  which  comes  In  contact  with  the  pellets.  The  polypropylene  basket 
will  be  examined  to  determine  any  changes  which  may  occur  from  contact  with 
Igniter  pellets. 

C.  DATA  EVALUATION 

1.  Igniter  Performance  Tests 

The  data  obtained  from  the  igniter  performance  tests  will  be  used 
in  conjunction  with  specification  limits  to  predict  the  service  life  of 
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the  D-6  pyrogen  igniter,  A  regression  analysis  of  each  parameter  will  be 
made,  using  the  individual  data  points.  Extrapolation  of  the  regression 
curve  will  establish  the  service  life  value. 

2.  Igniter  Attribute  Tests 

The  observed  condition  of  the  dissected  igniters  will  be  recorded 
by  photograph  and  by  written  descriptions.  The  radiographic  examination  of 
the  igniters  to  be  dissected  will  be  correlated  with  the  evidence  obtained 
after  dissection.  Data  obtained  from  measurable  parameters  will  be  plotted 
and  analyzed  for  trends.  The  use  of  the  above  data  will  be  limited  to 
failure  analysis  investigation. 

3.  Safe  and  Arm  Device  Tests 


The  data  obtained  from  the  S  &  A  device  tests  will  be  periodically 
compared  with  the  data  obtained  from  Thiokol  to  detect  possible  differences. 
The  data  will  also  be  used  for  failure  analysis  investigations. 

D.  FAILURE  CRITERIA  DEVELOPMENT 

Findings  of  the  failure  criteria  study  will  be  Incorporated  when  the 
results  have  been  analyzed  and  determined  acceptable  for  failure  criteria 
limits . 

The  failure  criteria  development  study  detailed  in  Section  XVII  will 
provide  failure  criteria  limits  representing  motor  requirements  on  igni¬ 
tion  delay  under  operational  conditions. 
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SECTION  II 


IGNITER  PELLET  SERVICE  LIFE  PREDICTION  STUDY 

A.  INTRODUCTION 

The  pyrogen  igniters  now  being  used  on  Wings  I  through  VI  motors  con¬ 
tain  both  boron  and  lead  chromate  (2070A)  pellets  and  boron  and  potassium 
nitrate  (NMP-502)  pellets. 

The  pellets  will  be  stored  under  varying  environmental  conditions  for 
a  period  up  to  120  mo.  Of  each  pellet  type,  2600  gm  will  be  stored. 

Pellets  will  be  withdrawn  and  tested  for  heat  of  reaction,  impact  sensiti¬ 
vity,  moisture  content,  and  vibration  resistance.  Pellets  required  for  the 
first  5-yr  testing  were  procured  from  the  pellet  vendor.  The  additional 
pellets  required  to  extend  the  testing  to  10  yr  were  obtained  from  aged 
pyrogen  igniters.  The  pellets  will  be  tested  when  the  igniters  are  dissected 
at  the  scheduled  intervals  from  2  to  10  yr.  Tests  decribed  in  this  study, 
except  for  the  micro  analysis,  are  the  same  as  conducted  during  the  qualifi¬ 
cation  of  the  pellets  during  the  development  stage. 

B.  DETAILED  TEST  PLAN 

1.  Acquisition  of  Samples 

The  NMP-502  (BKNO3)  pellets  for  this  study  were  manufactured  by 
U.S.  Flare  Division  of  Atlantic  Research  Corporation.  The  2070A  pellets 
were  manufactured  by  Bermite  Powder  Company.  Pellets  required  for  the  first 
5-yr  testing  were  procured  for  the  study  directly  from  the  vendor  in  the 
quantities  indicated  in  the  following  tabulation: 

Quantity  (gm)  Pellet  Type 

2600  Boron  and  Lead  Chromate,  2070A 

2600  Boron  and  Potassium  Nitrate, 

NMP-502 

These  pellets  were  obtained  from  single  lots. 

The  pellets  lequlred  for  extending  the  testing  from  5  to  10  yr 
will  be  obtained  froni  the  dissected  pyrogen  igniters,  which  will  provide 
12  gm  of  the  NMP-502  pellets  and  6  gm  of  the  2070A  pellets  per  igniter. 

2,  Preparation  for  Storage 

a.  Packaging  and  Identification 

Pellet  samples  consisting  of  40  gm  each  are  placed  in  paper 
containers  and  stored  in  designated  humidity  cabinets.  Samples  will  be 
stored  without  lids  and  will  be  individually  identified  with  pellet  type, 
entry  and  withdrawal  dates,  and  temperature  and  humidity  factors. 
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b.  lr\iiitl  Tffttrig 


To  provide  baiellne  date  prior  to  storage,  40  gm  of  each 
type  will  be  aubjictad  to  the  entire  test  sequence  described  In  paragraph 
4.  This  pellet  group  will  consist  of  40  gm  from  each  lot. 

3.  Storage 

Storage  of  Igniter  pellets,  In  the  types  Indicated  In  paragraph  1, 
will  be  In  the  environments  as  follows: 


Temperature 

_ 

100 

100 

70 

70 


Humidity 

Jl^ 

70 

0 

70 

0 


Table  2-2. 


Withdrawals  f:.om  storage  for  testing  will  be  In  accordance  with 


4,  Testing 

a.  Testing  of  Boron  and  Lead  Chromate  f2070A)  Pellets 

1)  Heat-of-Exploslon  Test 

The  average  calorific  output  of  boron  and  lead  chromate 
(2070A)  pellets  will  be  determined  by  using  an  adiabatic  calibrated  calori¬ 
meter.  For  each  of  eight  determinations,  2  gm  of  pellets  will  be  weighed 
to  the  nearest  0.1  mg  and  placed  in  the  combustion  capsule  of  the  calori¬ 
meter.  A  10  cm  strip  of  Parr  Wire,  No.  45C10,  or  approved  equivalent,  will 
be  connected  across  the  terminals  and  passed  through  the  pellets.  The 
combustion  chamber  will  be  purged  three  times  with  Inert  gas  at  25  atmos¬ 
pheres.  The  chamber  will  then  be  closed  and  pressurized  to  25  atmospheres 
with  Inert  gas.  The  samples  will  then  be  burned;  the  calorimetric  value 
will  be  calculated  In  calories  per  gram;  and  each  calorimetric  determination 
will  be  recorded. 

2)  Impact  Sensitivity  Test 

Using  a  Flcatlnny  Arsenal  Impact  Test  Apparatus  No. 

RAPD  167354,  the  impact  sensitivity  of  the  pellets  will  be  determined  by 
subjecting  Individual  pellets  to  the  Impact  from  a  freely  falling  weight 
of  2  kg.  The  pellet  will  be  placed  In  a  steel  die  cup  on  an  anvil  and 
subjected  to  the  Impact  of  a  weight  falling  from  a  predetermined  height. 
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IGNITER  AND  SAFE  AND  ARM  PELLETS  TEST  SCHEDUIF 
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***Initial  time  test  (qualification  cest) 


Tha  haight  from  which  the  weight  will  be  <iropped  to  provide  a  SO-percent 
probability  of  Ignition  of  the  pellet  will  be  recorded. 

3)  Moisture  Content  Teet 

Moisture  concent  testing  will  be  conducted  by  using  a 
lO-gm  sample.  Tha  detemlnaclon  will  be  made  by  removing  the  samples  from 
storage,  and  weighing,  drying  (at  150°  F  for  3  hr),  and  then  rewelghlng 
them.  The  difference  between  the  two  weighings  will  then  be  recorded. 

4)  Vibration  Resistance  Test 


The  vibration  resistance  test  will  use  a  b-gm  +  1- 
pellet  sample.  The  pallets  will  be  weighed  and  placed  In  a  cor  alner 
(Figure  2-1)  and  vibrated  for  90  min  along  one  ax^s  of  the  container  at 
36  cps  at  a  double  amplitude  of  0.060  +  0.002  In.  peak-co-peak.  After  Che 
vibration  Cast,  the  sample  will  then  be  removed  from  the  vibration  tester 
and  agitated  30+1  sec  on  a  U.S.  Standard  No.  40  mesh  screen.  The  remain¬ 
ing  material  will  be  weighed,  and  the  difference  from  the  original  weight 
recorded. 


b.  Testing  of  BKNOi  Pellets 

1)  Heat-of-Exploslon  Test 

The  heat -of -explosion  test  for  BKNO3  pellets  will  be 
Che  same  as  described  In  paragraph  4.a.l)  except  for  sample  weight,  which 
will  be  1  gm. 

2)  Isgact  Sensitivity  Test 

The  impact  sensitivity  test  for  BICIIO3  pellets  will  be 
conducted  In  the  same  manner  as  described  In  paragraph  4. a. 2)  for  the 
2070A  pellets. 


3)  Moisture  Content  Test 

Moisture  content  determination  for  BKNO3  pellets  will 
be  the  same  as  described  In  paragraph  4.2.3)  for  the  207QA  pellets. 

4)  Vibration  Resistance  Tent 

Vibration  resistance  testing  of  BKNO3  pellets  will  be 
conducted  by  using  a  12-gm  sample  +1  pellet.  The  sample  will  be  weighed 
and  placed  In  a  vibration  tester,  as  shown  In  Figure  2-2,  and  subjected 
to  the  same  test  described  In  paragraph  4. a. 4). 

c.  Microscopic  Examination 

Pellets  obtained  from  the  dissected  Igniters  will  be 
examined  microscopically  and  tested  for  Iiardness  to  observe  any  changes  In 
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the  surface  of  the  pellets.  An  ignition  study  will  be  made  in  the  press¬ 
urized  Kopito  furnace,  or  equivalent.  This  furnace  can  be  pressurized  to 
300  to  ^00  psi,  and  at  the  same  time  the  temperature  can  be  raised  very 
rapidly  co  5000°  to  6000°  F.  Using  a  calorimeter  to  measure  the  heat  input, 
the  changes  in  ignition  properties  of  the  aged  pellets  will  be  determined. 
The  parameters  to  be  measured  in  the  ignition  study  are:  (1)  Energy  to 
Ignite  pellets  and  (2)  energy  liberated  from  pellets.  These  are  the 
probable  parameters  of  failure  of  the  pellets. 

C.  DATA  EVALUATION 

The  data  obtained  from  the  heat-of-cxplosion  impact,  sensitivity, 
and  moisture  and  vibration  resistance  tests  will  be  plotted  versus 
storage  time  and  analyzed  for  trends.  If  trends  develop  in  the  data,  they 
will  be  further  analyzed  for  causes  and  reported.  However,  the  results  of 
testing  will  be  used  only  for  failure  analysis,  and  no  service  life  pre¬ 
diction  will  be  made  based  on  this  data. 

Data  generated  from  the  energy  required  for  Ignition  and  energy 
liberated  from  ignition  of  the  pellets  will  be  plotted.  If  degradation 
is  noted,  a  suitable  failure  criteria  will  be  required  at  that  time. 
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3.  Storage 


The  TT  A/D  switches  will  be  stored  in  HPC/B  buildi 
80  F  and  50  percent  rh  with  the  forward  axis  up  to  simulate 
conditions.  The  switches  will  be  withdrawn  Irom  storage  for 
and  testing  as  scheduled  in  Table  2-3, 


ng  No.  2152  at 
operational 
conditioning 


Periodic  Conditioning  and  Inspection  Testing 


Transportation  Vibration  Testing 


switches  will  he  subjected  to  transportation  vibration 
during  the  periods  indicated  on  Taule  2-3.  Designated  switches  will  be 
mounted  on  a  TT  A/D  switch  vibration  fixture,  drawing  No.  SK-4-32-4871. 
Vibration  will  be  conducted  along  each  axis,  as  shok’n  in  Figure  2-4 
Vibration  will  consist  of  the  following: 

(1)  Amplitude:  3.5  G  rms  between  5  and  50  cps; 
vibration  limited  to  0.4  in.  peak-to-peak. 

(2)  Range:  5  to  50  cps. 

(3)  Duration:  two  double  sweeps  (5  to  50  cps  and 
return  to  5  cps  for  each  double  sweep)  at 

1/2  octave  per  min  in  each  oi  the  three  axes, 

1-®  designed  to  closely  represent  the  actual  con- 
d*tlons  to  which  the  missile  is  subjected  in  the  field.  The  road  test 
vibration  data  were  analyzed,  and  the  above  requirements  were  determined  to 
OTC^lSa-OS-S-lC^*^  vibration  requirements  described  in  specification 

b.  Visual  Inspection 


Prior  to  and  after  each  vibration,  a  visual  inspection  will 
be  maoe  to  determine  the  formation  of  corrosion  and  surface  damage,  such 
as  loose  or  bent  connector  pins,  dents,  cracks,  and  safing  window  damage. 

c.  Electrical  Tests 

Prior  to  and  after  each  environmental  test,  the  TT  A/D 
switch  will  be  tested  to  determine  A/D  electrical  continuity,  cycle 
time,  and  circuit  resistances  according  to  the  procedure  for  the  parti¬ 
cular  switches  as  described  in  specification  HPC  133-08-5-lC. 


<!•  Mechanical  Lock  and  Man  cl  Disarm  Test 

j  switch  in  the  disarm  position  and  the  safing 

pin  Installed,  removal  of  the  safing  pin  by  hand  during  application  of 
18  vdc  to  the  arming  circuit  should  not  b,:  possible.  Any  pin  removal  under 
these  conditions  shall  constitute  «  failure. 
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TABLE  2-3  (Cont) 


THRUST  TERMINATOR  SWITCH  TEST  SCHEDULE 


Test 

Sequence 

Switch 

Zero 

(mo 

from 

zero  time)**  | 

S/N 

Time  Date* 

0*** 

IE 

48 

I  60 

[84 

1  108 

120 

Switch 

No-. 

730( 

)-ll 

EA1797 

Apr  65 

b 

b 

b 

b 

b 

b 

b 

F 

IB 

D 

c 

EA1798 

Apr  65 

b 

b 

b 

b 

b 

b 

b 

b 

■ 

H 

EA1799 

Apr  65 

b 

b 

b 

b 

b 

b 

b 

b 

c 

EA1800 

Apr  65 

b 

b 

b 

b 

b 

b 

b 

c 

EA1801 

Apr  65 

b 

b 

b 

b 

b 

b 

c 

EA1802 

Apr  65 

b 

b 

b 

b 

b 

c 

EA1803 

Apr  65 

b 

b 

b 

b 

c 

EA1804 

Apr  65 

b 

b 

b 

c 

EA1805 

Apr  65 

b 

b 

c 

EA1806 

Apr  65 

b 

c 

EA1820 

Apr  65 

b 

b 

b 

b 

b 

c 

EA1821 

Apr  65 

b 

b 

b 

b 

c 

EA1822 

Apr  65 

b 

b 

b 

c 

EA1823 

Apr  65 

b 

b 

c 

EA1824 

Apr  65 

b 

c 

EA1825 

Apr  65 

b 

c 

EA1826 

Apr  65 

b 

c 

EA1827 

Apr  65 

b 

c 

EA182S 

Apr  65 

b 

c 

EA1829 

Apr  65 

b 

c 

EA1876 

Jul  65 

b 

c 

EA1877 

Jul  65 

b 

c 

EA1878 

Jul  65 

b 

c 

EA1879 

Jul  65 

b 

iJ. 

*  Receiving  date 

**  Test  Sequence: 

b  ■  Transportation  vibration  and  inspection  testing 

c  -  Final  conditioning  and  destruct  testing 

1  ***  Initial  time  test 

Note;  All 

TT  switches 

stored 

at 

80° 

F  and  50 

percent 

rh 
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With  the  saflng  pin  removed,  the  A/D  switch  will  indicate 
the  armed  position  upon  application  of  18  vdc  to  the  arming  circuit.  The 
A/D  switch  will  be  manually  disarmed  by  installing  the  safing  pin  and 
checking  the  visual  indicator  for  disarmed  condition.  The  entire  letter  S 
shall  appear  in  the  window.  This  test  will  be  conducted  prior  to  and  after 
vibration  tests  as  described  in  specification  HPC-133-08-5-1C. 

5.  Final  Conditioning 

a.  Simulated  Flight  Environment 

1)  Operational  Vibration 

The  operational  vibration  phase  of  simulated  flight 
environment  for  the  A/D  switch  shall  consist  of  simultaneous  application  of 
random  vibration  and  the  equivalent  pressure  of  90,000  +  4,000  ft  altitude. 
The  temperature  requirements  sis  specified  in  paragraphs~3.  5, 2. 2  and  4.5.11 
of  specification  HPC-133-08-5-1C  will  not  be  required  for  this  test.  The 
vibration  axis  shall  be  changed  every  2  cycles. 

Flight  vibration  conditions  shall  be  simulated  as 
specified  in  paragraphs  3.  5, 2. 2  and  4,5.11  of  specification  HPC-133-08-5-1C, 
Thrust  Termination.  Arm-Disarm  Switch.  Firing  circuits  will  be  continuously 
monitored  during  the  simulated  flight  environment  to  determine  contact 
closure  and  circuit  continuity.  Conditions  which  do  not  conform  to  para¬ 
graphs  3.4,18  and  3,4,19  of  specification  HPC-133-08-5-1C.  will  be  recorded. 
Monitoring  current  should  not  exceed  500  ma  for  this  test. 

2)  Acceleration  Conditioning 

The  A/D  switch  shall  be  mounted  on  a  centrifuge,  or 
equivalent,  using  the  normal  mounting  provisions  of  the  unit.  The  switch 
will  be  tested  by  applying  an  acceleration  force  as  required  in  specifica¬ 
tion  HPC-133-08-5-1C,  paragraph  3. 5. 2.1.  The  electrical  circuits  will  be 
monitored  during  acceleration  for  contact  chatter  and  excessive  rotor 
bounce,  as  defined  in  HPC-133-08-5-1C,  paragraphs  3,4.18  and  3.4.19. 
Monitoring  current  shall  be  500  ma. 

b.  Rotor  Bounce  Test 


The  rotor  bounce  test  shall  be  conducted  during  the  trans¬ 
portation  vibration  conditioning  sequence  in  accordance  with  specification 
HPC-133-08-5-1C. 


c.  Hermetic  Seal  Test 


The  hermetic  seal  test  shall  be  conducted  after  completion 
of  the  operational  vibration  conditioning  in  accordance  with  specification 
HPC-133-08-5-1C. 
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d.  iMulatlon  RetUUnce  Tett 

Th«  Inaulatlon  retlatance  between  ell  mutually  insulated 
parts  shall  be  measured  at  a  potential  of  100  to  500  vdc,  Inclusive.  In¬ 
sulation  resistance  less  than  100  megohms  shall  constitute  a  failure. 

a.  Dielectric  Strength  Test 

A  limit  of  500  vdc  shall  be  applied  by  increasing  the  voltage 
fresn  0  to  500  vdc  at  a  maxlmuia  rate  of  100  vdc  per  sec  between  all  mutually 
insulated  leads  and  between  the  leads  and  the  enclosing  case.  The  500  vdc 
will  be  maintained  not  less  than  1  min.  Any  arc-over  breakdown  or  current 
flow  which  constitute  a  failure  as  detailed  in  specification  HPC  133-08-5-lC. 

f.  Cycle  Test 

The  switches  will  be  cycled  after  tests  a.  through  e.  are 
completed.  The  cycle  test  will  be  conducted  in  accordance  with  specifica¬ 
tion  HPC-133-08-5-1C,  paragraph  4.5.13.  The  total  cycles  a  switch  will 
receive  before  disassembly  is  500, 

6.  Destruct  Testing 

Upon  completion  of  the  500  cycles  or  failure  of  a  unit, 
several  areas  on  the  A/D  switch  shall  be  examined  microscopically  to  deter¬ 
mine  the  extent  of  wear  or  stress  failure.  The  face  of  the  wiper  will  be 
examined  for  peeling,  cracking,  and  contact  wear.  The  area  where  the  con¬ 
tact  is  soldered  will  be  examined  to  determine  undesirable  alloying  with 
the  solder.  The  motor  will  also  be  visually  examined  for  wear. 

C.  DATA  EVAUIATION 

1.  Perfoniance  Testa 

The  data  obtained  from  the  firing  circuit  resistance  tests  will 
be  used  in  conjunction  with  appropriate  specification  limits  to  predict 
the  service  life  of  the  A/D  switch.  A  regression  analysis  will  be  made 
using  the  individual  data  points.  Extrapolation  of  the  regression  curve 
will  establish  the  service  life  value. 

2,  Attribute  Testa 


The  observed  condition  of  switches  which  received  a  total  of 
500  cycles  and  the  results  of  the  hermetic  seal,  rotor  bounce,  and  di¬ 
electric  tests  will  be  recorded.  Data  obtained  from  measurable  parameters 
will  be  plotted  and  analysed  for  trends.  The  use  of  the  above  data  will 
be  limited  to  failure  analysis  investigations. 
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FRANGIBIE  SECTORS  TEST  SCHEDUIJE,  WING  II 
(Storage  Conditions  at  100°  F) 


/ 
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c  *  Op«racioo«l  vibration  and  deatruct  teatlns 
**Zaro  clM  la  aanufactura  date 
***Inltial  ciiM  teat 


3. 


TfMPorf  tlon  Vibration 


Tranaportation  vibration  of  tha  frangible  lector  will  be  accom- 
pllihed  by  mounting  the  lector  aiiembly  on  the  frangible  lector  vibration 
fixture,  and  vibrated  ai  follows: 

(a)  Amplitude:  3.5  G  rms  between  5  to  50  cps; 
vibration  limited  to  0.4  In.  peak-to-peak 

(b)  Range;  5  to  50  cps 

(c)  Duration:  two  double  sweeps  (5  to  50  cps  and 
return  to  5  cps  for  each  double  sweep)  at  1/2 
octave  per  minute  in  each  of  the  three  axes. 

Note 

All  transportation  vibration  performed  at 
zero  time  was  In  accordance  with  the  quali¬ 
fication  testing  requirements  as  specified 
in  Hercules  Specification  HPC-133-08>5-2A, 

Frangible  Sector  Assembly,  paragraph  4.5.9. 

However  this  testing,  when  used  during  the 
testing  sequences,  would  expose  each  fran¬ 
gible  sector  to  vibration  cycling  In  excess 
of  that  received  by  operationally  deployed 
units.  The  vibration  requirements  shown 
above  are  considered  a  more  realistic  test. 

4.  Final  Conditioning  and  Testing 

a.  Simulated  Flight  Vibration 

The  operational  vibration  for  the  frangible  sector  will 
conslit  of  random  vibration.  The  vibration  axis  shall  be  changed  every 
2  cycles.  Flight  altitude  conditions  will  be  simulated  as  follows: 

(1)  The  frangible  sector  shall  be  Installed  In  an 
enclosure  simulating  the  TT  port  and  mounted 
on  the  vibration  table. 

(2)  Flight  vibration  conditions  shall  be  simulated 
as  specified  in  HPC-133-08-5-2,  Frangible  Sector 
Assembly,  paragraph  4.5.11. 

b.  High  Temperature  Test 

Ona  Wing  I  and  one  Wing  II  frangible  sector  from  each  environ¬ 
ment  will  be  aubjacted  to  high-temperature  testing  to  simulate  flight  heating 
The  units  w^ll  be  placed  In  a  temperature  chamber  and  subjected  to  a  tempera¬ 
ture  of  250  F  for  a  maximum  of  10  min.  They  will  then  be  Inspected  for 
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physical  damage  and  detonated  In  accordance  with  the  functional  test 
described  in  paragraph  c.  Data  obtained  from  explosive  testing  of  these 
ordnance  components  will  be  distinguished  from  that  obtained  from  units 
not  receiving  the  high  temperature  testing.  Thus,  any  changes  that  may 
have  developed  as  a  result  of  this  test  will  be  apparent. 

c.  Functional  Test 


All  frangible  sectors,  upon  completion  of  their  storage  life, 
will  be  subjected  to  the  Explosive  Brlsance  Test.  Testing  will  be  conducted 
by  placing  the  unit  In  a  test  fixture,  checking  the  circuit  continuity,  and 
recording  the  brldgewlre  resistance.  The  assembly  shall  then  be  fired  as 
described  In  specification  HPC-133-08-5-2A,  paragraph  4.5.8.  Testing  will  be 
conducted  at  ambient  conditions.  Total  function  time  and  Initiation  current 
shall  ae  recorded.  Tlie  fragments  of  the  sector  shall  be  poured  into  a  No.  3 
screen,  which  is  nested  on  a  No.  6  screen  above  a  No.  10  screen.  The  con¬ 
tents  of  each  screen  and  those  fragments  that  pass  the  No.  10  screen  will  be 
weighed  In  milligrams  and  the  weights  recorded.  Photographs  of  the  remain¬ 
ing  fragments  will  be  taken. 

d.  Visual  Examination 


A  metallurgical  analysis  will  be  conducted  on  the  fragments 
of  the  frangible  sectors  to  determine  possible  changes  In  grain  structure 
which  affect  performance  of  the  sectors, 

C.  DATA  EVALUATION 

The  data  gained  from  the  function  time  and  brldgewlre  resistance  tests 
will  be  used  to  predict  service  life  of  the  frangible  sectors.  Regression 
analysis  will  be  performed  on  the  data  and  extrapolated  to  the  applicable 
specification  limit. 

The  remaining  information  obtained  will  be  used  for  failure  analysis. 
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TABLE  2-11 


NOZZLE  CONFIGURAnON 


Applicable 

Wing 

No. 

Nozzle 
Ser  No. 

Drawing 

No. 

Vendor* 

FTM 

Configuration 

Expansion 

Ratio 

I 

0582 

6224/5710** 

KAE 

PFRT 

6;  1 

I 

0583 

6224/5710** 

KAE 

PFRT 

6: 1 

I 

0584 

6224/5710** 

KAE 

PFRT 

6;  1 

I 

0585 

6224/5710** 

KAE 

PFRT 

6;  1 

I 

0956 

6354-4 

KAE 

414-420 

6:  1 

I 

0957 

6354-4 

KAE 

414-420 

6: 1 

I 

0958 

6354-3 

KAE 

414-420 

6:  1 

I 

0959 

6354-3 

KAE 

414-420 

6;  1 

I 

0994 

OIS 00659-3 

KAE 

PFRT 

18:1 

I 

0995 

OIS  00659-7 

KAE 

PFRT 

18: 1 

I 

5102 

6354-1 

TRW 

408-413 

18: 1 

I 

5103 

6354-1 

TRW 

408-413 

18:  1 

I 

5104 

6354-1 

TRW 

408-413 

18: 1 

I 

5X05 

6354-1 

TRW 

408-413 

18:  1 

I 

5106 

6354-1 

TRW 

408-413 

18:  1 

I 

5107 

6354-1 

TRW 

408-413 

18:  1 

II 

5156 

01A00768 

TRW 

Operational 

18:  1 

II 

5158 

OU00768 

TRW 

Operational 

18:  1 

II 

5152 

0U00768 

TRW 

Operational 

18:1 

II 

5151 

01A00768 

TRW 

Operational 

18:1 

II 

5155 

0U00768 

TRW 

Operational 

18: 1 

II 

5167 

01A00768 

TRW 

Operational 

18: 1 

II 

5153 

0U00768 

TRW 

Operational 

18:1 

*Vendor;  KAE  «  Kaiser  Aerospace  and  Engineering 
TRW  ■  Thompson -Ramo-Wooldridge,  Inc. 


**Nozzle  utilized  an  approach  section,  drawing  No.  6224,  and  an  exit 
section,  drawing  No.  5710 
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NOZZLE  TEST  SCHEDULE 
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Pressure  Leak  Teiif 

assembly  In  a  sJeciar£ixture'Sar'*“ 

ZTsT  rzjTi  “pp— •’'-^£r.^^^rr:r^^^2!l“ 

allowed  to  decay  through  the  carbon'^cor"’^<'^"“K  ^“‘’^“ted  and 

.»r.  drop  1.  r.r,rddd  SJ  2  :  "“‘i'  I>>-  P^- 

c.  Cold  Toroue  Test 

»r,„.  “«c“‘lpi:;^*  “'Ln 

Revision  4.  The  breakawL  Lmu,  .  according  to  01-02-1-14, 

right  and  4°  left  is  Mcorded.  '*“*  required  to  vector  4° 

Radiographic  Inspe-tinn 

apecification  accordance  with 

Conditioning  Segiienra 

.d.  pr...o“%r";;‘’S."*i;s:  -r  'f'rv 

Of  60  dp.  for  .  J  «  *  "t* 

5.  final  Inspection  Teet 

and  other  possible  aging  effects  r  "*  compression  set,  corrosion, 
disassembly.  ^  ^  Components  will  be  photogrephed  upon 

6.  Hand  Actuation 

r«6r  „d  rrr.,T.~^  *” 
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c.  mxA  evaluahom 

A  r«gr«atlon  analyili  will  b«  parlotnad  on  Ch«  data  obtained  from  the 
breakaway  cold  torque  and  preaaure  teats.  If  a  trend  should  develop 
Indicating  degradation,  a  suitable  failure  criteria  will  be  established  at 
tloM.  The  data  obtained  from  the  raaMlnlng  tests  and  inspections 
will  be  uaed  for  failure  analysis.  The  cold  torque  data  obtained  from 
iwstles  on  surveillance  full  scale  aotora  will  be  compared  to  component 
data. 
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SECTION  VI 


SPIRALLOY  SERVICE  LIFE  PREDICTION  STUDY 


A.  INTRODUCTION 

The  two  types  of  Spiralloy  to  be  studied  are  Identified  in  Table  2-13 
by  the  glass  and  resin  used,  the  general  motor  configuration  each  type  is 
associated  with,  and  the  test  specimen  used. 


■iABLE  2-13 

SPIRALLOY  TYPE  IDENTIFICATION 


Test 

Specimen 

Glass 

Glass 

Finish 

Resin 

1 - 

General 

Associated 

Motor  Conflg. 

Layer  lap  shear 

Owens -Coming 

HTS 

Union  Carbide 

Wines  II -VI 

SCG- 155-12 

ERLA  2256 

(S-994) 

i 

Wsfer  lap  ahaar 

Wafar  bottles 

Short  bssm  shear 

NOL  tanslle  rings 

) 

1 

12-ln.  ovaloid 

Owens- 

Corning 

Union  C 

arbide 

Wings 

tl-VI 

bottles 

SCG-155-12 

ERLA  2256 

(S-994) 

Layer  lap  shear 

Owens- 

Corning 

Shell 

Wing  I 

Short  beam  shear 

E  Glass 

1 

Epon  826  CL 

FSU  case 

Owans -Corning 

HTS 

Shell 

Wing  I 

Hydroburst 

E  Glass 

_1 

Epon  826  CL 

There  have  been  a  wide  variety  of  tests  employed  as  a  result  of  test 
Improvements  made  since  the  program  was  Initiated  in  March  1961.  The 
interlaminar  shear  (ILS)  test  was  the  only  available  test  at  the  time  the 
Wing  I  program  was  initiated.  (See  Appendix  A,  Section  II.)  The  2.6-in. 

ILS  tubes  give  scattered  data  and  are  affected  by  such  variables  as  resin 
content  and  exposed  roving  ends.  Also,  the  ILS  tube  is  not  a  pure  shear 
specimen.  Bending  is  induced  into  the  specimen  due  to  slightly  eccentric 
loading.  The  short  beam  shear  and  the  hoop  tensile  tests  were  made  avail¬ 
able  during  the  Wing  II  development  program  and,  because  of  their  superior-  j 
ity  over  the  ILS  test,  were  subsequently  Incorporated  into  the  surveillance  I 
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prograa.  Iha  short  boam  shaar  tast  la  thaoratlcally  a  pura  ahaar  taat  (on 
a  flat  apaclMD  aada  from  laotroplc  natarial).  Whan  anisotropic  matarlals 
such  aa  fllamant -wound  flbarglaaa  ara  usad,  dlractlonal  and  nonunifonn  pro- 
partlaa  cosm  Into  conaldaratlon.  Raaln  contanta,  flbar  orientations,  and 
dlffarant  alastle  propartlas  In  tension  and  compresalon  affect  results. 

The  12-in.  ovalold  bottle  was  Included  In  the  Wing  II  Splralloy  test 
program  to  obtain  biaxial  failure  data  and  to  verify  the  results  of  the 
short  bams  shaar  and  the  hoop  tanalle  tests.  The  use  of  the  ovalold  bottle 
la  questionable  for  comparative  data,  since  there  Is  a  difference  In  the 
mode  of  failure  of  the  short  beam  and  the  12-ln.  bottle.  The  12-ln.  bottle 
provides  a  sample  that  more  closely  represents  the  storage  conditions  of 
the  case  and  provides  a  more  representative  regression  curve  than  the  shear 
and  tensile  laboratory  samples. 

The  lap  shear  and  the  wafer  shear  tests,  to  be  used  for  future  Spiralloy 
testing,  will  provide  shear  values  which  can  be  used  In  a  case  stress 
analysis.  Additional  advantages  of  the  lap  shear  and  wafer  shear  specimens 
ara  as  follows.* 

(1)  Differences  in  resin  content  and  elastic  properties  do  not 
affect  results. 

(2)  Lap  shear  specimens  can  be  obtained  from  aged  FSU  cases 
without  significant  variations  due  to  outside  influences. 

(3)  The  wafer  shear  specimen  more  accurately  simulates  the 
Wing  II  case  mode  of  failure. 

The  12-in.  wafer  bottle  will  be  Included  to  obtain  verification  and 
correlation  of  the  layer  lap  shear  and  wafer  lap  shear  testa. 

In  order  to  supplement  the  questionable  ILS  data  presently  available 
for  use  in  predicting  Wing  I  service  life  values,  reject  and  excess  Wing  I 
cases  will  be  hydroburst.  A  description  of  these  are  given  in  Table  2-14. 

B.  IXTAILED  TEST  PLAN 

1.  Sample  Acquisition 

The  short  beam  shear  and  NOL  rings  were  manufactured  by  Bacchus 
under  laboratory  conditions.  Eight  layer  lap  shear  cylinders,  twenty-one 
wafer  lap  shear  cylinders,  and  thirty  wafer  bottle  samples  will  be  manu¬ 
factured  at  Hercules'  Clearfield,  Utah,  plant  and  machined  to  specimen  size 
at  Bacchus.  The  FSU  cases  to  be  hydroburst,  or  cut  up  for  lap  shear 
specimens,  were  manufactured  by  Rocky  Hll’  and  Black,  Sivalls,  and  Bryson, 
Ardmore,  Oklahoma.  The  12-ln.  ovalold  bottles  were  manufactured  by 
Rocky  Hill. 
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TABLE  2-14 


CASE  CONFIGURATION  SUMMARY 


Case  No, 

Dwg  No, 

Dace  o£ 
Mfr 

H 

Discrepancies 
When  Assigned 
to  Program 

BB01S2 

8062 

Dec  62 

HTSE 

826 

No.ie 

BB0156 

8062 

Jan  63 

HTSE 

826 

None 

BB0162 

8062 

Jan  63 

HTSE 

826 

None 

BB0164 

8062 

Jan  63 

HTSE 

826 

None 

BB0170 

8062 

Jan  63 

HTSE 

82$ 

None 

BB0172 

8062 

Jan  63 

HTSE 

826 

None 

BB0175 

8062 

Jan  63 

HTSE 

826 

None 

BB0176 

8062 

Jan  63 

HTSE 

826 

None 

BB018O 

8062 

Feb  63 

HTSE 

826 

None 

BB0181 

8062 

Feb  63 

HTSE 

826 

None 

R206X.13 

3267 

Feb  62 

HTSE 

826 

None 

R205X.18 

3267 

Jan  62 

HTSE 

826 

Aft  ring  out 
of  tolerance 

X295X.20 

3267 

Tan  62 

HTSE 

826 

None 

R205X.62 

8062 

Jan  62 

HTSE 

826 

Raceway  un¬ 
bonded 

T402.35 

3267 

Nov  60 

80  IE 

828 

None 

q206.60 

3267 

Nov  61 

80  IE 

828 

Cracked 

phenolic 

HP  00253 

OU00221 

Jan  64 

S994 

2256 

None 

HP00026 

OU00221 

Apr  63 

S994 

2256 

Loose  glass  at 
at  "Y" 

P120Y.03 

0U00221 

Oct  62 

S994 

2256 

None 

P120Y.04 

OlA 00221 

Oct  62 

S994 

2256 

None 
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2.  S«apl«  Pr«p«r«tlon 


Wh«n*v*r  posalbli,  th«  Splralloy  material  will  be  placed  in  stor¬ 
age  in  sample  Jise;  than  prior  to  testing,  the  samples  will  be  machined  to 
proper  specimen  configuration.  This  will  prevent  excessive  exposure  of  end- 
cut  glass  roving  to  humidity. 

The  samples  and  specimens  will  be  serialised  for  identification. 
Tests  will  be  conducted  on  the  various  specimens,  as  shown  in  Tables  2-15 
and  2-16  prior  to  storage.  The  data  obtained  will  be  used  as  a  baseline, 
and  all  subsequent  test  data  will  be  compared  with  it  to  show  any  trends’ 
which  may  develop. 

Material  used  for  winding  test  specimens,  Santa  Clara  994  glass 
roving,  ERL  2256  apoxy  resin,  and  MPD  Hardener,  will  be  100  percent  in¬ 
spected  upon  receipt  and  after  completion  of  cylinder  or  vessel  winding 
for  all  parameters  as  required  in  Mlnuteman  material  specifications 
HPC -133 -08-2-15  and  HPC-133-08'2-3.  The  materials  used  will  meet  the 
acceptance  requirements  of  these  specifications.  In  addition  to  specifi¬ 
cation  accepunce  testing,  the  following  materials  inspections  will  be  made: 

(a)  Roving 

(1)  Characterization  of  finish  by  Pyrolysis  technique 

(2)  Initial  and  periodic  Clycol  analysis  of  finish  on 
roving 

(b)  Resin 

(1)  Characterization  of  each  barrel  of  resin  to  be 
used  by  gas  chromatography  techniques 

(2)  Characterization  of  each  barrel  of  resin  to  be 
used  by  refractive  index  techniques 

(3)  Periodic  check  of  the  resin  stored  in  barrels 
for  moisture  content 

(c)  Hardener 

(1)  Characterization  of  each  barrel  of  hardener  b; 
refractive  index  technique 

(2)  Periodic  check  of  moisture  content  of  each 
barrel  of  hardener 
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(Lkbera tory 
Maples) 


FULL-SCALE  UNIT  CASE  TEST  SCHEDULE 


2-47 


CHANGED  1  July  1966 


Storage 

Conditions 
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***SBS  -  Short  beam  shear  cut  from  cases 


uiwt  tT  aw 
asm  TKicDDiac  PEID^ 


riturc  r?U  C«t*  LiV  ShwT  ^iHTtlnen 


W«f»r  Pr«nur« 


Th*  12'ln<-<lla  doa«-to-doaie  wafer  ceec  veeeels  (Figure  2-12) 
were  fabricated  In  accordance  with  drawing  12Z00524  and  placed  in  environ¬ 
mental  Btorage  at  80  P  and  50  percent  rh.  The  wafer  veaeels  are  removed 
froB  atorage  and  teeted  ae  ichaduled  In  Table  2-15, 

••  Ovalold  Pregeure  Veeaela 

The  12-ln.-dla  dome-to-dome  ovalold  test  vessels  (Figure  2-13) 
were  fabricated  in  accordance  with  Hercules  drawing  2382  RN  and  placed 
In  environmental  atorage  at  80®  F  and  50  percent  rh.  The  ovalold  vessels 
era  removed  from  storage  and  teeted  as  scheduled  In  Table  2-15. 

3.  Storeae 

The  Splrelloy  specimens  ere  stored  at  Bacchus  without  protective 
wrapping  and  are  aubjected  to  the  various  environmental  conditions  shown 
In  Table  2-15 •  The  specimens  are  stored  In  desiccator  cabinets  containing 
a  humidifier  to  maintain  the  desired  humidity.  Temperature  Is  controlled 
by  the  building  temperature  control  unit.  The  coated  NOL  rings  (72  speci¬ 
mens)  were  fabricated  and  the  edges  coated  with  2256  resin  prior  to  placing 
them  In  environmental  storage.  FSU  cases,  36-ln.  cylinders  used  for 
lap  shear  and  short  beam  shear  studies,  were  cut  Into  sample  sections, 
coated  along  exposed  edges,  and  placed  In  environmental  storage.  Wing  I 
hydroburat  esses  will  be  stored  in  a  controlled  environment,  and  Wing  II 
and  backup  hydroburst  cases  will  be  stored  under  store  house  conditions 
(72®  P,  smb  rh). 

4.  Testing 

The  material  to  be  tested  will  be  removed  from  storage  after 
proper  Intervals  and  tested  as  described  In  the  following  subparagraphs. 

s .  NOL  Tensile  Test 


The  NOL  rings  will  be  tested  for  hoop  tensile  strength  in 
accordance  with  Standard  Operating  Procedure  HPC -050-03 -13 -46,  using  a 
Baldwin  Testing  Machine  to  apply  a  constantly  Increasing  pulling  force  to 
semicircular  segments  until  failure.  Following  the  hoop  tensile  strength 
tests,  the  resln-to-glsss  ratio  will  be  determined  in  accordance  with 
Bacchus  Laboratory  Procedure,  Section  V,  Method  7. 

b.  Short-Besm-Shesr  Test 

One  NOL  uncoated  ring  will  be  withdrawn  from  storage  each 
test  period  and  cut  Into  eight  short -beam-shear  specimens.  (See  Figure  2-6.) 
Eight  specimens  will  be  cut  from  an  FSU  case  sample  section  each  test  per¬ 
iod.  The  test  will  be  conducted  In  accordance  with  Bacchus  Laboratory  Pro¬ 
cedure  Section  III,  Method  34,  at  a  rate  of  0.10  In.  per  min.  The  maximum 
force  at  failure  will  be  recorded  as  sheer  strength. 
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c. 


Lap  Shear 


Two  varieties  of  lap-shear  tests  will  be  conducted  using 
five  types  of  specimens.  The  first  variety,  designated  as  layer- lap-shear , 
will  require  three  specimen  configurations.  These  specimens  will  permit 
measurement  of  shear  strength  between  the  14°  helical-wound  layer  and  Che 
level-wound  layer,  and  between  the  14°  helical-wound  layers  cut  from  the 
36-in.  sample  cylinders.  The  shear  strength  between  the  14°  helical-wound 
layers  will  also  be  determined  from  specimens  cut  from  FSU  cases.  The 
second  test  variety,  designated  as  wafer-lap-shear,  will  require  two  speci¬ 
men  configurations  for  measuring  the  shea'.;  strength  between  14°  helical- 
wound  layers  and  B-sCage  wafers.  One  specimen  will  allow  shear  of  filaments 
oriented  approximately  parallel  to  the  shear  force  and  the  other  perpendic¬ 
ular  to  the  shear  force.  The  above  specimens  will  simulate  the  possible 
case  failure  modes.  Testing  will  be  conducted  on  a  Baldwin  Tensile  Test 
Machine  using  appropriate  adapters,  as  shown  In  Figure  2-14.  The  dimensions 
of  the  lap-shear  specimens  and  the  method  by  which  they  are  obtained  from 
the  sample  cylinders  are  shown  in  Figures  2-9  and  2-10. 

The  third  type  of  layer-lap-shear  specimens  will  be  obtained 
from  rejected  Wing  I  and  Wing  II  cases.  The  specimens  will  be  cut  parallel 
to  the  longitudinal  axis  of  the  case  to  minimize  the  effect  of  curvature. 
(See  Figure  2-8.)  The  cases  to  be  used  are  given  In  Table  2-14.  Three 
Wing  I  and  three  Wing  II  FSU  cases  are  to  be  cut  up  for  this  study.  Eight 
specimens  will  be  machined  from  an  FSU  sample  section  during  each  test 
period.  (See  Table  2-16  and  Figures  2-8  and  2-11.) 

d-  Wafer  Pressure  Vessels  and  12-in.  Ovaloid  Bottles 

The  12-ln. -dia,  dome-to-dome  wafer  vessels  (Figure  2-12) 
and  the  12-ln.  ovaloid  bottles  (Figure  2-13)  will  be  instrumented  with 
strain  gages  and  hydroburst.  Pressurization  rate  will  be  50  psi/sec  to 
burst.  High-speed  movies  will  be  taken  during  the  burst  tests  to  define 
the  area  of  failure  Initiation.  Fifteen  wafer  vessels  will  be  hydroburst 
in  the  Splralloy  Failure  Criteria  Study,  and  these  results  will  be  used 
as  base  time  data  for  this  study.  Following  the  hydroburst  test,  each 
wafer  vessel  will  be  analyzed  in  accordance  with  Bacchus  Laboratory  Pro¬ 
cedure,  Section  V,  Method  7 ,  to  determine  the  resin-to-glasa  ratio. 

e.  Full  Scale  Unit  Cases 


The  FSU  cases  will  be  hydroburst  after  storage  periods,  as 
Indicated  by  the  scheduled  test  dates  In  Table  2-16.  The  hydroburst 
procedure  to  be  used  will  be  the  same  as  the  Qualification  Program  for  that 
particular  case  configuration.  High-speed  movie  coverage  will  be  obtained 
to  determine  the  area  of  failure  initiation.  Volume  determination  will  also 
be  made  for  each  FSU  case  during  hydroburst.  Cases  will  be  instrumented 
with  flexagages  on  the  aft  dome  per  Figure  2-15  and  with  strain  gages  on  the 
cylindrical  section  per  Hercules  drawing  12S00402.  This  instrumentation 
will  be  used  to  record  strains  on  the  case  during  the  hydroburst  test. 
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C.  DATA  EVALUATION 


The  jipiralloy  data  will  be  evaluated  to  dittermlne  the  service  life  of 
Wings  I  through  VI  casesj  and  temperature  and  h 'raidity  effects  on  the 
degradation  rate. 

(1)  The  Wings  II  through  VI  Splralloy  aging  trends  will  be 
established  using  the  layer-lap-shear  and  short-beam-shear 
data.  These  tests  will  be  used  to  establish  trends,  since 
they  are  conducted  more  frequently  and  exhibit  less  varia¬ 
tion. 

(2)  The  trends  established  from  (1)  will  be  superimposed  on  the 
data  obtained  from  tne  wafer-lap-shear  test.  The  trend 
characteristic  will  be  fit  to  the  wafer-lap-snear  data  in 
order  to  establish  a  regressive  line  for  the  lese  frequent 
wafer-shear  data.  The  3  sigma  limits  calculated  for  the 
line  will  be  used  in  conjunction  with  the  failure  criteria 
obtained  from  the  Splralloy  Failure  Criteria  Study  to  pre¬ 
dict  the  service  life  of  the  Wings  II  through  VI  case. 

(3)  Continued  evaluation  of  the  failure  criteria  will  be  accom¬ 
plished  by  analysis  of  the  wafer  pressure  vessels  tested 
yearly.  Testing  of  the  pressure  vessels  will  Indicate 
changes  in  failure  modes  and  mechanisms. 

(4)  Wing  I  case  service  life  will  be  established  by  correlation 
of  the  Wing  I  and  Wing  II  case-lap-shear  data.  Verification 
of  the  correlation  will  be  made  using  the  hydroburst  data 
from  the  aged  Wing  I  cases. 
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FLEXACACE 

». 

MEASUREMENT 

DIRECTIOi. 

RADIAL  LOCATION 
FROM  1  (IN.) 

F120 

MERIDIAN 

9.5 

F121 

HOOP 

10.5 

■in 

MERIDIAN 

HOOP 

12.5 

10.5 

F12A 

45°  TO  MER 

13.5 

F123 

430  TO  MER 

8.5 

F126 

ALONG  FIBER 

13.5 

F127 

ALONG  FIBER 

8.5 

F128 

HOOP 

10.5 

F129 

HOOP 

10.5 

Figure  2-15.  Aft  Dome  Flexegage  Location 
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PROPELUNT  GRAIN  SERVICE  LIFE  PREDICTION  STUDY 


A.  INTRODUCTION 

This  study  replaces  Che  previous  3-yr  propellant  test  plan  completed 
in  tecember  1963.  (Refer  to  Appendix  A,  Section  1.)  Results  from  previous 
esting  indicated  that  the  propellant  physical  properties  changed  with  time: 
however,  lack  of  failure  criteria  prevented  prediction  of  service  life  with 
sufficient  confidence.  This  change  was  attributed  to  specimen  conflgura- 


Thls  study  provides  10-yr  data  which  can  be  used  for  service  life  pre 
dictions.  Both  physical  and  chemical  properties  will  be  studied.  The 
u  stress  and  strain  levels  occur  in  the  area  of  the  grain  occupied 

by  CYH;  therefore,  only  CYH  propellant  will  be  studied.  DDP  propellant 
will  be  available  for  future  testing  if  required. 


An  essential  requirement  for  relating  trends  in  propellant  physical 
properties  to  service  life  predictions  is  a  stress  analysis  of  the  propel¬ 
lant  grain.  Through  a  stress  analysis,  aging  data  are  translated  into 
parameters,  such  as  stress,  strain,  stored  energy,  etc,  which  can  be  re¬ 
lated  through  a  theory  of  failure  to  a  quantitative  measure  of  the  change 
in  the  margin  of  safety.  This  change  can  be  related,  in  turn,  to  service 
life  predictions. 


Data  obtained  from  chemical  testing  will  be  used  tc  determine  the 
effect  of  chemical  changes  in  the  propellant  composition  on  physical  and 
stability  properties,  and  as  a  means  of  predicting  propellant  stability. 
Chemical  testing  will  also  provide  a  basis  for  recommending  propellant 
composition  changes  should  a  problem  arise  in  aged  propellant.  Particula'- 
attention  is  being  given  to  the  case-to-liner  bond  area  where  the  poten¬ 
tial  reaction  between  epoxy,  rubber,  and  propellant  ingredients  exist. 

B.  DETAILED  TEST  PLAN 


1.  Acquisition  of  Samples 

a •  Physical  Properties  Test 


samples  of  CYH  propellant  will  be  obtained  from 
dissected  full-scale  grains  aged  for  2-1/2,  3-1/2,  4-1/2,  5-1/2,  and  7-1/2 
yr.  (Refer  to  Table  1-2.)  The  grains  are  to  be  cut  into  thr..e  major 
sections,  two  sections  10  in.  long  and  one  section  18  in.  long,  as  detailed 
in  Appendix  B.  The  two  10-in. -long  sections  are  to  be  cut  into  32  samples 
The  samples  are  packaged  and  placed  in  storage.  Upon  scheduled  withdrawal’ 
from  storage,  the  required  amount  of  specimens  will  be  machined  from  the 
samples  as  shown  in  Figures  2-16  and  2-17  and  tested.  The  location  from 
which  each  samp’e  was  removed  from  the  grain  will  be  recorded. 


4  P- 
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Figure  2-16.  Typical  Propellant  Saaple  for  Series  I  and  II  Testing 


b.  Chmcal  Ttitlna 


Propallant  lanplM  for  chonlcal  teiti  will  b«  obtained  from 
the  cM«-to-prop«llant  bond  eanplea. 

y...  The  c«i«-to-prop*lUnt  bond  eamplee  are  obtained  from  grains 
336  (Wing  H)  and  216  (Wing  I).  Tha  3-  by  5-in,  aample  will  provide  undis¬ 
turbed  apaclnena  of  tha  ease  liner,  epoxy  barrier,  and  embedment  grain  and 
propallant. 


The  forward  and  aft  dome  aectlona  from  each  dissected  FSU 
6*^*^**  •^^•pt  lor  the  fwd  dome  for  grain  IMl  will  be  removed  from  s torage  as 
scheduled  in  Tables  1-2  and  2-17  end  will  have  the  dome  removed  at  the  rub¬ 
ber  Insulator  to  dome  Interface  as  shown  in  Figures  2-18  and  2-19, 


TABLE  2-17 


FULL-SCALE  UNIT  CHAIN  CHEMICAL  ANALYSIS  TEST  SCHEDULE 


Materials 

Grain 

No. 

Zero 

Time 

Date* 

Test  Sequence 
(mo  from  sero  time) 

60 

66 

72 

78 

90 

Forward 

336 

Dec  62 

Dome 

216 

Dec  61 

m 

131 

Jan  61 

• 

67 

Jun  60 

a 

70 

Jul  60 

a 

Aft  Dome 

336 

Dec  62 

b 

216 

Dec  61 

b 

131 

Jan  61 

b 

67 

Jun  60 

b 

70 

Jul  60 

b 

IMl 

Dec  62 

b 

Legend: 

s  -  Photograph,  plot  voids,  and  test  8  each  potting  compound, 
shrinkage  liner,  and  propellent  chemical  specimens. 


b  -  Photograph  and  test  A  each  aft  boot  and  propellant  chemical 
specimens . 

AZsro  time  date  is  cast  date  of  propellant  grain 


The  forward  dome  will  be  photographed,  visually  inspected, 
and  potting  voids  will  be  plotted  and  compared  against  previous  X-ray  ' 
reports.  Eight  1-  by  1-  by  1/4-in.  samples  for  chemical  analysis  will  be 
removed  from  the  propellant  and  shrinkage  liner  as  described  in  Figure  2-18. 
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Test 

Series 

Test 

Description 

III 

Constant 

(Cont) 

rate 

tensile 

Vibration 

fatigue 

Test 

Test 

Conditions 

Storage 

Condition 

Specimens 
Per  Period 

Temp 

(°F) 

Rate 

(in. /min) 

(70°  F) 

Applied  Force 

3 

70 

200 

12  mo  at 

3 

70 

1%  strain 

3 

70 

2%  strain 

5%  strain 

3 

70 

200 

6  mo  at 

3 

70 

2  psl  load 

3 

70 

4  psi  load 

8  psl  load 

3 

70 

200 

12  mo  at 

3 

70 

2  psi  load 

3 

70 

4  psi  load 

8  psi  load 

Strain  cycled  10^ 
cycles  at  20  cps 

3 

70 

200 

0.17,  strain 

3 

70 

0.27.  strain 

3 

70 

0.37,  strain 

unn  series  III  tests  will  be  conducted  to  determine  elonga- 

tion  characteristics  of  the  propellant.  The  loads  that  will  be  considered 

tnd  trahiparsauw  hanaiLnj,  Pro- 
TfalUat  lirnplss  wttl  tn  luliJaECad  tu  taHItaftt  strain,  conarirt-  Imd  and 
yJLUriUDa  sauliiibasntp  »  tbiis  liuds,  mill  ihan  ha  ticii  L  Ls 

^  ^  /  flwstins  strain  tata  «(  3c;n  in./tilH,  Any  mfcRss  au.i„8  tbe 

anf  lid  *’*  During  constant  irain 

and  load  condition  testing,  storage  of  the  propellant  samples  will  be  at 
a  temperature  of  70  F  and  at  ambient  humidity, 

b.  Chemical  Tea  ting 


Specimens  obtained  from  the  case-bond  sample  section  will 
testing.  The  specimens  will  be  machined  from  the 
7  70  <=“e-bond  sample  section,  and  tested  as  scheduled  in  Table 

chemical  test  schedule  corresponds  with  the  FSU  case-bond  test 
schedule.  The  tests  to  be  conducted  are  described  in  the  following  para- 
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PROPELLANT  PHYSICAL  TEST  S 
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SECTION  IX 


internal  insulation  service  life  predictios  study 
A.  introduction 

“he^Wlng  1“^°“ 

^rough  Wing  VI  motor  case  liners  are  marie  of  Buna-S  fSBR^  mMtori.f 

a3beJto;‘’phenoUc"!  of 

speci^^r“^iss:c^:;^;sS^^^s°  ^“w^ng^rubor^rr"^^*^  ^-r 

be  prepared  because  of  the  eJreir;eg:;L^^e^^^“t^l°’^L‘r:^:td^:s“I^:°^ 

January  1964  after^3*^yr  of'^teatlng  '^^The^tearol^'^  end  rubber  was  completed 
Appendix  A.  Section  li.  Pl«"  used  Is  presented  In 

B.  DETAILED  TEST  PLAN 

1.  Sample  Preparation 

«•  Preparation  of  Laboratory  Specimens 

1683  K.2  66d.rM‘8"a;"‘n;Ls;‘.L',r'  •» 

ozone  degradation.  The  specimens  to  be  corte^wlirthen^bl 

greased  with  Methyl-Ethyl-Ketone,  and  allowed  to  dJv  for 

to  cutting.  The  Bunji>*f  ^anD•f1  i  ory  for  1  hr  preparatory 

one  grcupllll  be  coatL  wuj  LonMr^anf  rh' 

Buna-S  specimens  will  be  divided  Inr  rt,  other  will  remain  uncoated, 

coated  wUh  Epon  923,  oL  g^^wlth  C 

coated.  The  Epon  will  be  mixed,  applled’and  cured^aTLlf^sr™'" 


Epon  923,  Part  A 


100  gm 


Epon  923,  Part  B 


13.2  gm 
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(2)  Th«  Epon  will  b*  •pplicd  with  a  brush  to  an 
approxlnata  thlcknasa  (fairly  conalstent)  of 
0.015  in. 

(3)  Epon  923  will  ba  curad  at  120°  F  for  8  hr. 

(4)  Tha  rubbar  apaclmant  coatad  with  C-7  adhesive 
will  ba  praparad  in  tha  tana  manner  as  the  samples 
coatad  with  Epon  923.  The  adhesive  will  be 
prepared  In  accordance  with  vendor  reconinenda- 

t ions . 

Praparatlon  of  <aiiplaa  From  Dlaiactad  FSU'a 

Individual  Internal  Insulation  spaclmans  obuined  from 
dlsaactad  motors  will  ba  machlnad  from  sampla  sections  Just  prior  to  testing 
to  prevent  apaelnan  danaga  and  to  permit  aging  to  continue  without  direct 
anvlronmanul  exposure,  (Refer  to  Appendix  B,  Figure  B-8.; 

1)  Erosion  Speclmena 

Rubbar  liner  material  will  ba  cut,  using  a  band  saw, 
from  tha  area  batwaan  tha  TT  ports,  as  shown  in  Figure  2-23.  Sample 
•actions  will  ba  cut  into  test  spacimena  approximately  1/2  by  1  by  4  In. 

Both  aurfacas  will  be  owchlned  to  remove  Splralloy  and  to  expose  only  the 
rubbar  to  tha  hot  gas  flow  during  subscala  motor  firing.  Samples  will 
be  removed  from  storage  as  scheduled  In  Table  2-25. 

Phenolic  sample  sections  will  be  cut  from  the  TT 
phenollcs  of  the  aged  motors  using  a  special  cutting  tool  and  holding  Jig. 
Tha  spaclmans  will  be  machined  as  shown  In  Figure  2-24  and  will  be  approxi¬ 
mately  1  by  4  In.  Withdrawal  from  storage  of  the  samples  will  be  as 
schadulad  In  Tabla  2-26.  Wing  I,  Buna-N  control  samples  will  be  machined 
from  hydroburat  survalllance  cases;  and  the  Wing  II,  Buna-S  control  samples 
will  be  machlnad  from  hydroburst  Wing  II  QA  cases.  The  phenolic  control 
spaclmans  will  be  obtained  from  reject  or  excess  TT  shells 

All  control  samples  will  be  obtained  so  that  a  minimum 
storage  time  will  be  required.  The  samples  will  be  stored  in  black  poly¬ 
ethylene  bags  at  60®  F.  All  rubber  and  phenolic  erosion  specimens  i/lll 
be  machined  In  accordance  with  Figure  2-25. 

2)  Tensile  Specimens 

The  tensile  specimens  will  be  machined  from  the  same 
area  jta  tha  erosion  specimens,  as  shown  in  Figure  2-25.  The  specimens  will 
first  be  cut  froa  the  liner  In  1-  by  6-in.  pieces,  machined  to  a  thickness 
of  1/8  In,,  and  stamped  Into  tensile  specimens. 
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LABORATORY-PREPARED  TENSIIi  SPECIMENS  TEST  SEQUENCE 
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T«at 

Mo. 

Taat 

Data 

Macarlal 

Taatad 

Aga  of 
Matarlal 
(yr> 

S-1 

Jul  63 

Nylon 

— 

2-1/2 

336 

Buna-S 

8-2 

Aug  63 

8PD-1S0 

2-1/2 

1-M-l 

Buna-N 

2-1/2 

1-M-l 

8-3 

Aug  63 

I)FD-130 

4-1/2 

131 

Buna-N 

4-1/2 

131 

8-4 

Fab  66 

RFD-ISO 

3 

1-M-l 

Buna-N 

3 

1-M-l 

8-3 

Fab  66 

RFD-150 

5 

131 

Buna-N 

5 

131 

8-6 

Jul  66 

Nylon 

3-1/2 

Buna-S 

3-1/2 

8-7 

Aug  66 

BPD-ISO 

3-1/2 

1-M-l 

Buna-N 

3-1/2 

1-M-l 

8-8 

Aug  66 

RFD-150 

5-1/2 

131 

Buna-N 

5-1/2 

131 

8-9 

Dac  66 

RPD-150 

6-1/2 

67 

8-10 

Fab  67 

RPD-150 

4 

1-M-l 

Buna-N 

4 

1-M-l 

8-11 

Fab  67 

RPD-150 

6 

131 

Buna-N 

6 

131 

S-12 

Jun  67 

RPD-150 

7 

67 

8-13 

Jul  67 

Nylon 

4-1/2 

336 

Buna-S 

4-1/2 

336 

8-14 

Aug  67 

Buna-N 

6-1/2 

131 

Buna-N 

4-1/2 

1-M-l 

S-15 

Dac  67 

RPD-150 

7-1/2 

67 
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TABLE  2-28  (Cent) 

EROSION  TEST  MOTOR  FIRING  SCHEDULE 


Test 

No. 

Test 

Date 

Material 

Tested 

Age  of 
Material 
(yr) 

FSU 

Grain 

No. 

S-16 

Feb  68 

Buna-N 

7 

131 

S-17 

Jun  68 

RPD-ISO 

8 

67 

S-18 

Jul  68 

Nylon 

5-1/2 

336 

Buna-S 

5-1/2 

336 

S-19 

Aug  68 

Buna-N 

7-1/2 

131 

S-20 

Jan  69 

RPD-150 

8-1/2 

70 

S-21 

Feb  69 

Buna-N 

8 

131 

S-22 

Jul  69 

Nylon 

6-1/2 

336 

Buna-S 

6-1/2 

336 

S-23 

Jul  69 

RPD-150 

9 

70 

S-24 

Jan  70 

RPD-150 

9-1/2 

70 

S-25 

Jul  70 

Nylon 

7-1/2 

336 

Buna-S 

7-1/2 

336 

S-26 

Jul  70 

RPD-150 

10 

70 

S-27 

Jul  71 

Nylon 

8-1/2 

336 

Buna-S 

8-1/2 

336 

S-28 

Aug  71 

Buna-N 

8-1/2 

1-M-l 

S-29 

Feb  72 

Buna-N 

9 

1-M-l 

S-30 

Jul  72 

Nylon 

9-1/2 

336 

Buna-S 

9-1/2 

336 

S-31 

Feb  73 

Buna-N 

10 

1-M-l 
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Figure  2-26.  Half-Hundred  Pound  Charge  Test  Motor 


EXTERNAL  INSULATION  FUNGUS  RESISTANCE  TEST  SCHEDULE 
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t Numbers  indicate  specimens  tested 


for  yungu«  R««lifnce  Te«tlna 

T«*t  ••mplai  will  b«  3*ln.-dU  circles  cut  from  s  sheet  of 
cork  whl(^  has  been  backed  with  Teflon  tape  to  prevent  exposure  of  both 
Bidaa.  The  saoplea  to  be  tested  will  be  coated  with  XS-1133248  Hvpalon 


4.  Storaae 

Specimena  will  be  stored  at  controlled  temperature  and  humidity 
environments.  Samples  for  physical  properties  testing  will  be  stored  in 
humidity  cabinets.  Specimens  for  fungus  resistance  testing  will  be  arranged 
on  trays,  and  placed  in  humidity  cabinets  in  three  environments:  (1)  80°  F 
35  percent  rh;  (2)  80°  P,  50  percent  rh;  and  (3)  100°  F,  35  percent  rh. 

5.  Tee tine 


The  sdhaalve  used  for  bonding  the  cork  insulation  to  the  Spiralloy 
*•••  currently  being  tested  as  described  in  Chapter  2,  Section  XII  in 
this  document.  The  cork  insulation  will  be  tested  as  described  in  the 
following  subparagraphs. 

••  Physical  Properties  Teats 

At  each  scheduled  withdrawal  (Table  2-29),  each  6-  by  7-in 
cork  sheet  will  be  cut  into  10  test  samples  of  6-  by  1/2-ln.  rectangles, 
described  in  the  following  subparagraphs. 

1)  Hardness 


Spoclmens  to  be  used  for  tensile  and  flexure  testing 
will  ^ve  first  received  the  Shore  A  Hardness  (Duroraeter)  Test.  This  test 
will  be  conducted  by  HPC/B  laboratory  personnel  in  accordance  with  Bacchus 
Uboratory  Procedures  Manual.  Section  III,  Method  21.  Since  this  test  does 
not  affect  tensile  or  flexure  strength,  the  specimens  remain  suitable  for 
tensile  and  flexure  testing. 

2)  Tensile  Testing 

Tensile  testing  of  cork  specimens  will  be  conducted  in 
the  Hercules  Chemical  Propulsion  Laboratory  in  accordance  with  Bacchus 
Uboratory  Procedures  Manual.  Section  III,  Method  8.  Testing  will  provide 
data  on  tensile  strength  and  percent  elongation, 

3)  Flexure  Testing 

Flexure  testing  of  cork  specimens  will  be  conducted  in 
the  Hercules  Chemical  Propulsion  Laboratory  in  accordance  with  Bacchus 
Laboratory  Procedure  Manual.  Section  V,  Method  156.  Testing  will  provide 
data  on  flexure  strength  of  cork  insulation. 
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Fungus  Resistance  Tests 


conducted  in  two^se^le^of  fungus  growth  will  be 

environiSent  Periodic  inoculation  of  samples  in  the  ideal  growth  " 

1)  Series  I 

Indicated  in  Table  2-30*^  ***  te»ted  from  each  environment  as 

=s  rii-iS"  ~~f- . 

2)  Series  II 

will  be  Sterlllred  and  Inoculated  wtth^ he  cZl^n  fn  environment 

growth  has  occurred  on  a  sample.  it^wUl  brreJlaced^J^notS'Jimplf!"" 

C.  DATA  EVALUATION 
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SECnOK  XI 

PRESSURE  SEALS  SERVICE  LIFE  PREDICTION  STUDY 


A .  INTRODUCTION 


*i*'?^"*^*  testing  all  sizes  of  0-rings  used  in  the  stage  III  motor, 
those  used  in  the  most  critical  area  were  chosen.  The  0-rlng  seal  in  the 
nozzle  pivot  section,  which  is  subjected  to  the  most  severe  conditions,  was 
the  seal  selected  for  investigation.  The  0-rings  selected  for  the  study 
were  placed  in  simulated  nozzle  pivot  sections  for  storage  and  testing 
Testing  of  the  pivot  sections  will  determine  the  pivot  change  lU  torque 
wear  and  sealing  characteristics  of  the  assembled  0-rlngs  with  time. 

candidates  of  0-rings  and  greases  for  the  stage  III  motor  were 
placed  in  storage  to  ensure  that  the  system  to  be  selected  for  use  was 
under  surveillance.  When  the  systems  were  selected  for  use  in  the  motor 
the  remaining  system  testing  was  discontinued.  The  present  systems  under 
study  are  shown  in  Table  2-31.  Pressure  seal  -ball  joint-  fixtures  will  be 
tested  in  accordance  with  Table  2-32. 


TABLE  2-31 

0-RING  AND  GREASE  COMBINATIONS 


System 

No. 

Applicable 
Wing  No. 

Parker 

No. 

Spec 

No. 

Material 

Grease 

9 

NA 

76-128 

AMS  3303 

Silicone 

DC-55  (silicone) 

10 

NA 

47-641 

AMS  7270 

Buna-N 

DC-55  (silicone) 

11 

I  -  VI 

47-651 

AMS  7274 

Buna-N 

DC-55  (silicone) 

13 

NA 

77-545 

MIL-R-25897 

Viton-A 

DC-55  (silicone) 

14 

I  -  VI 

PS -1-30 -5 

MIL-P-5516A 

Buna -N 

DC-55  (silicone) 

B.  DETAILED  TEST  PLAN 


Acquisition  and  Preparation  of  Samples 


with 


DC -55 


The  O-rings  were  obtained  from  Parker  Seal  Co.,  Inspected,  coa 
silicone  grease,  and  installed  in  the  test  fixtures 
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mSSURE  SEAL  TEST  SCHEDULE  (BALL  JOINTS) 


Fixture 

Systaa 

Temp  (®F) 

Zero  Tima 

Teat 

Sequence 

Tea ted  Each 

Mo 

No. 

Mo. 

(amb  humidity) 

Date* 

to  120  Mo 

Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Jul  60 
Mar  65 
Mar  65 
Mar  65 
Mar  65 
Mar  65 
Mar  65 


*Zaro  tlma  la  asaambly  data  of  noztla  approach  aactlon  to  exit  cone 
faction 

a  ■  Braakaway  Torqua,  Cycling,  and  Preaaurlzar.lon 
b  ■  Cycling 


/ 
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Figure  2-31.  Fixture  Mounted  and  Ready  for  Testing  on  the 
Instron 


The  Znatron  MUuraa  and  tacorda  tha  forca  raqulrad  to  activata  tha  lavar 
an,  and  tha  torqua  la  caleulatad  fron  thla  forca. 

C.  OAXA  IVAUUnOM 

Satvloa  Ufa  pradletlon  of  tha  O-rlngt  In  tha  noula  and  noccla  port 
araa  haa  baan  baaad  on  an  axtrapolatlon  of  tha  ragraatlon  analyala  of 
hardnaaa  and  alongatlon  data]  howavar,  tha  phyalcal  taatlns  of  0*ringa  la 
eoaplata  with  tha  30*b»  taatlng.  Tha  aarvlca  Ufa  valua  baaad  on  thla 
data  la  6  yx. 

Xn  tha  futura,  tha  aarvlca  Ufa  valua  will  ba  baaad  on  tha  noaala 
ball>Jolnt  braakaway  torqua  and  praaaura  aaal  ability  data.  Tha  service 
Ufa  prediction  haa  baan  extended  to  10  yr  based  on  this  data. 
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SECTION  XII 


ADHESIVE  AND  POTTING  COMPOUND  SERVICE  LIFE  PREDICTION  STUDY 
A.  INTRODUCTION 

This  study  Includes  the  adhesives  end  potting  compounds  used  In  menu- 
facture  of  Wings  I  through  VI  siotors.  The  adhesives  to  be  studies  end  the 
wings  to  which  they  apply  are  as  follows: 


Adhesive 

Adhesive  Conforming  to  specification 
HPC-133-08-3-15  (Shell  Epon 
J-1170-E18) ,  used  to  bond  the  exter¬ 
nal  Insulation  (cork  to  the  motor 
case  (Splralloy);  a  blend  of  Epon 
812  and  Epon  828 

Adhesive  conforming  to  specification 
HPC-133-08-7-8,  composition  8  (Shell 
Epon  934) ,  used  to  bond  the  external 
Insulation  (cork)  to  the  metallic 
portion  of  the  nozzles 

Adhesive  confirming  to  specification 
HPC-133-08-7-13  (Armstrong  A-12-T), 
used  to  bond  the  operational  raceway 
rubber  pad  to  motor  case  (Splralloy) 

Adhesive  conforming  to  specification 
HPC-133-08-7-8,  composition  2 
(Epon  923)  ,  used  as  powder  embedment 
bonding  agent 

Adhesive  conforming  to  specification 
HPC-133-02-3-10,  composition  1  (C-7), 
60/40  resin  to  curing  agent  ratio,  used 
as  a  rubber-to-rubber  bond  (boot  to 
Insulator) 


Applicable  Wings 
II  through  VI 


II  through  VI 


I  through  VI 


I  through  IV 


XI  through  VI 


(Paragraph  deleted) 
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Th*  pottlni  conpoundt  to  bt  •Cudi«d  end  th«  wings  to  which  Ch«y  apply 
ara  at  followa; 


Petting  Compound 

Compound  conforming  Lt>  apaclflcatlon 
HPC-133-08-3-2U  (Shall  Epon  937.2), 
uaad  In  potting  tha  axtamal  Insulation 
(cork)  In  tha  motor's  aft  dome  area 

Compound  conforming  to  specification 
HPC-133-08-1-20  (Dow  Corning  DCQ-9-0024), 
used  for  potting  sround  the  nozzle  boot 
(rubber)  In  tha  ball  Joint  area 

Compound  conforming  to  specification 
HPC-133-02-3-113,  composition  2 
(RTV-88/RTV-9950) ,  used  for  potting  in 
the  aft  dome 

Compound  conforming  to  specification 
HPC-133-02-3-113,  composition  4 
(RTV-77/Thermollte/2) ,  used  for 
potting  In  the  aft  dome 

Compound  conforming  to  specification 
HFC-133-02-3-9  (Sealing  Compound 
Urethane),  aft  dome  potting 

Compound  conforming  to  military 
specification  MIL-F-8116  (CS) , 
potting  around  nozzle -to -propellant 
Interface 

BPC  No.  1,  potting  around  nozzle-to- 
propellant  Interface 

B.  DETAILED  TEST  PLAN 

The  types  of  specimens  to  be  used  and  the  quantity  ot  each  are  as 
listed  In  Table  2-33.  Specimen  configuration  was  chosen  to  simulate  sus¬ 
pected  modes  of  failure  for  each  adhesive  being  studied.  Testing  will  be 
conducted  as  indicated  in  Tables  2-34  and  2-35. 

1 .  Preparation  of  Specimens 

a  .  Lap  Shear  Samples 

Individual  couponr,  1-  by  4-in.  size,  will  be  prepared  for 
each  adhesive  composition,  as  Indicated  in  Table  2-33.  Two  coupons  will 


Applicable  Wings 
II  through  VI 

I  through  VT 

I  through  VI 

I  through  VI 

I  through  VI 

I  through  IV 

IV 
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TABLE  2-33 


ADHESIVE  AMD  POTTING  COMPOirMlj 
MATERIALS  AMD  TEST  DESCRIPTION 


Material 

Type  of  Test 

Type  of  Sample* 

Orig 

Qty 

J  1170  E-18 

(828-812  blend) 

96 

A-12-T 

Tensile 

JANAF 

96 

Lap  shear 

Al/NBR/Al 

96 

Epon  934 

Tensile 

JANAF 

96 

Lap  shear 

Al/cork/Splral loy 

96 

Epon  937.2 

Tensile 

JANAF 

96 

DC-Q-9-0024 

Lap  shear 

Al/slllcone  rubber/Al 

96 

Thlxon  CB-2 

Lap  shear 

Al/Al 

96 

RTV-77 

Tens  lie 

JANAF 

96 

RTV-88 

Tensile 

JANAF 

- - 

96 

Epon  923 

Tensile 

JANAF 

96 

Lap  shear 

Al/Al 

96 

C-7 

Tensile 

JANAF 

96 

60/40 

Lap  shear 

Al/Al 

96 

C-7 

Lap  shear 

Al/NBR/Al  -  BPC-l/CYH 

120 

60/A0 

Lap  shear 

Al/SBR/Al  -  BPC-l/CYH 

120 

Peel 

NBR /NBR  -  BPC-l/CYH 

120 

Peel 

SBR/SBR  -  BPC-l/CYH 

120 

c-7 

Lap  shear 

Al/NBR/Al  -  BPC-l/CYH 

120 

80/20 

Lap  shear 

Al/SBR/Al  -  BPC-l/CYH 

120 

Peel 

NBR/NBR  -  BPC-l/CYH 

120 

Peel 

SBR/SBR  -  BPC-l/CYH 

120 

*Type  of  Sample:  JANAF  (See  Figure  2-32),  Lap  Shear  (See  Figure  2-32) 
Peel  (See  Figure  2-34),  A1  =  Aluminum,  NBR  -  Buna-N  rubber,  SBR  =• 
Buna-S  rubber,  BPC  =  Bacchus  potting  compound,  CYH  =  Propellant 
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TABLE  2-33  (Cont) 


ADHESIVE  AMD  POTTIMG  COMPOUND 
HATEEIAL8  AND  TEST  DESCRIPTION 


Material 

Type  of  Test 

Type  of  Sample* 

Orlg 

Qty 

Ura thane 

Chea  analysis 
and  coopatl- 
blllty 

Compatibility 

10 

C8 

Cham  analysis 
and  compati¬ 
bility 

Compatibility  and  B.  fix 
configuration 

8 

BPC 

Chem  analyslsx 
compatibility 
and  viscosity 

Compatibility  and  B]^  fix 
configuration 

8 

*Type  of  Sample:  Compatibility  (See  Figures  2-35  and  2-36), 

Bi  (See  Figure  2-33),  A1  -  Aluminum,  NBR  •  Buna-N  rubber, 

SBR  “  Buna-S  rubber,  BPC  •  Bacchus  Potting  Compound,  CYH  » 

Propellant 

overlap  and  provide  a  bonded  surface  area  of  1  sq  In.  (See  Figure  2-32.) 
When  cork  or  rubber  la  to  be  tested  Jointly  with  Splralloy  or  aluminum 
coupons,  the  cork  or  rubber  will  be  cut  to  a  1-sq-ln.  section  and  placed 
between  the  overlap  area  to  be  bonded.  The  procedure  Is  as  follows; 

(1)  Thoroughly  clean  the  faying  surfaces  of  the  test 
specimens  with  methyl-ethyl-ketone  and  clean 
cheesecloth. 

(2)  Apply  an  even  coat  of  the  applicable  adhesive, 
mixed  In  accordance  with  manufacturer's  recom¬ 
mendations,  to  each  faying  surface  area  to  be 
bonded. 

(3)  Assemble  specimens  and  apply  sufficient  pressure 
to  ensure  complete  contact. 

(4)  Cure  specimens  in  accordance  with  manufacturer's 
reconmendatlons . 

(5)  Remove  specimens  from  holding  fixtures, 
b.  Tensile  "Dog  Bone"  Samples 

Tensile  "dog  bone"  samples  will  be  cast  or  machined  for  the 
adhesive,  as  Indicated  In  Table  2-33,  to  produce  tensile  specimens  conform¬ 
ing  to  Hercules  drawing  No.  1638-BII-2B. 
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TABLE  2-34 

ADHESIVE  AND  POTTING  COMPOUND  TEST  SCHEDULE 


*2ero  time  is  fabrication  date 


ADHESIVE  AND  POTTING  COMPOUND  TEST  SCI 


s 


8 

<«  ^ 

<4 

9 

9 

9 

9 

4  4  4  4 

8 

-4 

6 

6 

6 

4  4  4  4 

<4 

9 

9 

9 

9 

6 

6 

6 

6 

1 

8 

<# 

4 

4  4  4  4 

4  4  4  4 

4 

9 

9 

9 

9 

9 

9 

9 

9 

1 

4i 

s 

^ 

4  4 

44444444 

44444444 

u 

i 

4 

9 

9 

9 

9 

9 

9 

9 

9 

S 

•M 

5 

4  4 

44444444 

44444444 

1 

• 

<*4 

4 

9 

9 

9 

9 

6 

6 

6 

6 

1 

I 

^  ^ 

4  4 

44444444 

^9  ^9  ^9  ^9  ^9  ^9 

0) 

• 

S 

4 

6 

6 

6 

6 

9 

9 

9 

9 

H 

^  ^ 

4  4 

44444444 

44444444 

00 

^  ’>9 

4 

9 

9 

9 

9 

6 

6 

6 

6 

CM 

^  ^  ^  ^ 

4  4 

44444444 

44444444 

4 

6 

6 

6 

6 

4  4  4  4 

O 

^  <4'  ^ 

4  4 

• 

3S 

M  K 

la  ^ 

S* 

ssss 

^  *<4 

100 

so 

100 

60 

100 

60 

100 

60 

100 

60 

SSSS8383 
^  ^  ^ 

Q 

U 

m 

N 

4i 

8 

Aug  64 

Aug  64 

Aug  64 

Aug  64 

Nov  63 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

« 

U 

•3 

g 

•o 

a 

AJ 

: 

H 

u  u 

JSJsl  J 

•»4  ^  •  a 

i  8 

H  H  .3  J 

M  U 

i  3 

je  .c 
a  «i 

a  o, 

J:1 

u  u  u 

II  II 

a  a  a  a 

o.a.a  V  evexa  a 

W  k4  M  h 

II  II 

•  a  a  a 

•M  ^  ^  *i4 

fixoaaaaiaaa 

33223322 

*J 

3 

•*4 

l4 

4 

3 

a 

a 

AJ 

a 

8 

a 

•oA 

U 

a 

A. 

a 

Material* 

C-7 

Thlxon  CB2 

1 

C-7/SBR 

(80/20) 

(80/20) 

(80/20) 

(80/20) 

(60/40) 

(60/40) 

(60/40) 

(60/40) 

C-7/NBR 

(80/20) 

(80/20) 

(80/20) 

(80/20) 

(60/40) 

(60/40) 

(60/40) 

(60/40) 

a 

3 

u 

0 

u 

a 

IM 

a 

MA 

o 

u 

a 

1 

c 
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La»t  page  of  Table  2-34  Is  Incorporated  In  Table  3-12  In  Volume  II. 
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*  ni. 


1  in. 


TOP  VIEW 

UP  SHEAR  SPECIMEN 


BPC 


1/8  U. 

i 


SIDE  VIEW 

UP  SHEAR  SPECIMEN 
BPC  POTTED  CONFIGURATION 


Figure  2-32.  Lap  Shear  and  JANAF  Specimens 


TABLE  2-35 


POTTING  COlPOUND/PROPELIJiST  COMPATIBILITY  TEST  SCHEDULE 


Materials* 


B-1  Fix 

Specimen 

(BPC-1) 


CYH/BPC-1 


Test 


Visual 

Control 

Visual 

Control 

Compat 

Compat 

Compat 

Compat 

Compat 

Compat 


Zero 

Time 

Date** 


May  65 
May  65 
May  65 
May  65 

Oct  64 
Oct  64 
Oct  64 
Oct  64 
Apr  65 
Apr  65 


Score 

Temp 

(°F) 


100 

100 

60 

60 

100 

60 

100 

60 

100 

60 


Tes 

t  Sequence  (mo  from 

zero  time)*** 

0 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

a 

c 

c 

C 

c 

C 

c 

c 

c 

c 

c 

a 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

a 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

a 

c 

c 

= 

c 

c 

c 

c 

c 

c 

c 

a 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

a 

c 

C  I 

c 

c 

c 

c 

c 

c 

c 

c 

7  .  -  nn  tiee  ngures  2-3: 

**Zero  time  is  fabrlcacljn  date 
***Test  Sequence: 

a  “  Inspect  and  photograph 

b  -  Remove  from  storage,  inspect,  vibrate,  and  photograph 
c  -  Visual  inspection  and  chemical  analysis 


dure: 


Cast  Samples 

Cast  samples  are  prepared  according  to  the  following  proce- 


(1)  Specimens  individually  prepared  for  each  adhesive 
and  potting  compound, 

(2)  The  molds  are  thoroughly  cleaned  with  methylethvl- 
ketone  and  cheesecloth  and  a  thin  coat  of  mold  ' 
release  (slip  spray)  is  applied, 

(3)  The  compositions  are  mixed  in  accordance  with  msnu 
facturer's  recommendations,  and  poured  into  the 
molds  . 

(4)  Specimens  are  cured  in  accordance  with  manufact¬ 
urer's  reconmendatlons . 

(5)  Specimens  are  removed  from  molds. 
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In  preparing  aanplea  Cor  machining,  iheats  of  Che  adhesive 
or  potting  compounds  will  be  prepared  and  cured  in  accordance  with  manu- 
facturar's  recoamenda Cions.  These  sheets  will  then  be  machined  to  speci- 
mans  conforming  to  Hercules  drawing  1638-BU-2B. 

a.  B-1  Fix  Configuration  Specimen 

Base  plates  of  4-1/2  by  4-1/2  by  l/4"in.  aluminum  will  be 
drilled  with  eight  1/4-in. -die  holes  at  43°  angles  on  a  1-13/16  in.  radius. 
(See  Figure  2-33.)  SBR  rubber  will  be  cut  into  six  3-in.-dia  sections  and 
two  2-tn.-dia  sections  using  1/8-in.  rubber  stock.  CYH  propellant  will  be 
machined  into  six  blocks  3  in.  in  dla  and  3  in.  high,  and  two  blockii  2  in. 
in  dla  (  <d  3  in.  high.  The  six  3-ln.-dla  blocks  will  have  a  3/4  x  3/4-in. 
machined  groove.  Procedure  is  as  follows: 

(1)  Aluminum  base  plates  are  sand-blasted  and  degreased 

(2)  Concentric  lines  are  scribed  at  center,  1/8  in. 
apart,  starting  at  3  in.  dia  and  stopping  at  4  in. 
die. 

(3)  Rubber  is  sanded  and  degreased. 

(4)  Aluminum  plates  are  degreased. 

(5)  913  adhesive  is  mixed. 

(6)  Rubber  is  bonded  to  base  plates  with  913  adhesive 
and  allowed  to  cure  at  ambient  temperature. 

(7)  Rubber  is  degreased. 

(8)  Epon  923.2  adhesive  is  mixed. 

(9)  Machined  CYH  sample  is  bonded  with  rubber  using 
Epon  923.2  adhesive  and  allowed  Co  cure  as  recom¬ 
mended  by  adhesive  manufacturer. 

(10)  Groove  in  B-1  Fix  samples  is  potted  with  BPC,  to 
ensure  a  clean  and  smooth  surface. 

(11)  CYH/BFC  sample  is  potted  around  base. 

(12)  CYH/CS  sample  is  potted  around  base. 

(13)  Propellant  is  marked  with  storage  temperature,  date 
and  type  of  sample. 

(14)  Propellant  is  placed  in  proper  storage  environments 
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SECTION  XIV 

CASE-BOND  FAILURE  CRITERIA  STUDY 


A.  INTRODUCTION 

ThG  objectives  of  this  progrsn  sre  to*  c 

snalyses  the  modes  of  failure  for  the  case  honH  stress 

Wing  I,  Wings  II  through  V.  and  Wing  VI  Mlnuterasn 

and  evaluate  specimens  which  uin  .?  “Z*^**®  “i  motors;  (2)  fabricate 

»( u.  „d,.  df  .ddijr^uJn.'h'srr""’  f"  •*"' 

to  stress  analysis  results.  ^  ^  ''®l®ied  mathematical  1 

of  failure  wlthT^‘*t^e*prSelUi!J“8rall!‘'wnr  "'df  P"‘“^®tlon 

case-bond  system  providing  the  material  ^  Pf®^ict  the  failure  within  the 
this  assumpilon.  It  L  n«ess«rto  ^o  evaluate 

the  case-bond  system  and  to  douai  t«tmine  the  material  properties  of 

can  be  inauced*r:nh:n''cSparel':?thTriricJeVf 
therefore,  Is  concerned  with  tho  a  predicted  failures.  This  study, 
and  test  methods  by  which  the  material”**"**"*^  case-bond  test  specimens 
can  be  determined  L^pSpelia™  case-bond  system 

case-bond  arers.  P™P®il«nt  failure  theories  can  be  evaluated  In  the 

B.  approach 

Test  methods  which  Impose  multiaxlal  orr-A.  jd  . 
tude  on  the  case-bond  system  will  he  rewi  ®°'*‘*itlons  of  known  magni- 

«...  b.t„  .™.ld.r.d 

I.  s.° 

elongation;  and  modulus  of  the  Buna-S  strength; 

Epon  923  epoxy  embedment  resin  (a  flexible  Rubber), 

pellant  tend  to  weaken  or  destroy  the  case  resin),  and  pro¬ 
test  specimens.  As  the  cuttine  rnni  j  during  the  machining  of 

rubber,  the  rubber  elongates  200  to  machining  enters  the  Buna-S 

resin  only  elongates  20  to  30  percent  Conseo'^’  ‘^*’®  embedment 

pagate  througn  the  embedment  rLln  to’relievrthr  r’  ^^"®®  Pro- 
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tanalon-torslon.  Data  obtalnad  froai  thaaa  taati  will  ba  analyaad  by 
fallura  tbaorlaa,  and  tha  bate  taat  laathod  and  tatt  tpaclmant  aeltcted  for 
furthar  avaluatlon. 

Thaaa  Invaatlgatlont  will  be  conducted  In  two  phaaet  of  study;  (1) 
Feasibility  atudlas  and  (2)  failure  analytes  studies,  The  first  phase  will 
ba  a  literature  survey  of  cate*bond  teat  speclnena  and  the  evaluation  of 
fabrication  techniques  and  tpecinan  configurations  by  uniaxial  and  multl- 
axlal  teata.  The  second  phase  will  be  a  statistical  analysis  of  test 
failures  to  aatabllsh  a  mode  of  failure  in  the  test  tpaciroens.  These 
analyaea  will  Include  both  uniaxial  ard  multlaxlal  failures. 

C.  DETAILED  TEST  PUN 

1.  Taat  Proaraa.  Phase  I 

Tha  literature  survey  will  be  used  to  detanalne  test  specimens 
and  test  aathods  by  which  casa-botid  systssu  may  be  characterised.  Mathe* 
■atlcal  stress  analyaas  will  be  parfomad  to  assist  In  tha  salectlon  of 
the  sMst  suitable  taat  spaclMna  and  teat  methods.  Techniques  of  fabri¬ 
cating  the  teat  apeclsMns  will  be  determined. 

Limited  testing  will  be  conducted  to  evaluate  the  fabrication  techni¬ 
ques  and  to  establish  the  relationships  between  the  selected  test  specimens 
and  those  used  to  accuoailate  previous  case-bond  physical  property  data. 
These  tests  will  consist  of  uniaxial  tension,  simple  torsion,  and  double- 
lap  shear  which  have  been  used  previously. 

a.  Preparation  of  Case-Bond  System 

Two  case-bond  beakers  will  be  powder  loaded,  cast,  and  cured 
In  accordance  with  standard  operating  procedures  for  CYH  propellant.  Each 
beaker  will  contain  a  case-bond  system  of  Buna-S  rubber,  a  barrier  coat  of 
Epon  923  resin,  Epon  923  embeteent  resin,  and  CYH  base  grain  embedment. 

The  case-bond  systems  will  be  preapred  in  the  Materials  Development 
Laboratory.  Specific  instructions  for  the  preparation  of  the  case-bond 
systems  are  as  follows; 

(1)  Cut  four  strips  of  Buna-S  Rubber  8  by  30  by  1/8 
in.  (width,  length,  thickness). 

(2)  Clean  one  surface  of  each  strip  of  Buna-S  rubber 
with  trl-clean  and  allow  to  dry. 

(3)  Apply  a  15-mll-thick  barrier  coat  of  Epon  923 
epoxy  on  the  cleaned  Bu'ia-S  rubber. 

(A)  Cure  Epon  923  epoxy  for  18  hr  at  120°  F. 

(5)  Apply  a  15-mil-thick  embedment  layer  of  Epon  923 
over  the  barrier  coat. 
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(6)  Record  refectory  Index  (RI)  number  every  30  min. 

(7)  Embed  when  A  RI  equals  50  to  70. 

(8)  Weigh  embedment  powder  and  record. 

(9)  Sprinkle  CYH  embedment  grain  over  the  epoxy. 
maki.ng  sure  that  maximum  coverage  is  obtained. 

(10)  Invert  embedded  rubber  to  remove  excess  powder 
and  weigh  excess  powder.  Subtract  excess  powder 
weight  from  total  weight  of  embedment  powder. 

(11)  Cure  for  16  hr  at  120°  F. 

(12)  Clean  uncoated  side  of  Buna-S  rubber  with  tri- 
clean  and  allow  to  dry. 

(13)  Apply  a  15-  to  20-mll-chlck  coat  of  Epon  913,1  to 
back  of  one  rubber  panel. 

(14)  Bond  a  second  rubber  panel  to  form  a  sandwich. 
(Embedded  surfaces  must  be  to  the  outside.) 

(15)  Cure  for  16  hr  at  77°  F  under  1  psl  pres  e. 

(16)  Mount  case-bono  system  in  a  cellulose  acetate 
frame. 


(17)  Install  mounted  case-bond  system  in  a  case-bond 
test  beaker. 

(18)  Powder  load  with  CYH  casting  powder,  solvent 
cast,  and  cure  per  standard  operating  procedures. 

(19)  Secure  a  polyethylene  panel  8  by  30  by  1/2  in. 

(20)  Apply  a  15-  to  20-rail-thlck  layer  of  Multron 
potting  compound  to  both  surfaces  of  the  poly¬ 
ethylene  panel. 

(21)  Affix  one  Buna-S  rubber  embedded  case-bond  panel 
to  each  surface.  (Embedded  surface  must  be  to 
the  outside.) 

(22)  Cure  for  16  hr  at  11°  F  under  1  psi  pressure. 

(23)  Install  polyethylene  panel  with  case-bond  system 
in  a  case-bond  test  beaker. 
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(6)  Record  refactory  index  (RI)  number  every  30  min. 

(7)  Embed  when  A  RI  equals  50  to  70. 

(8)  Weigh  embedment  powder  and  record. 

(9)  Sprinkle  CYH  embedment  grain  over  the  epoxy, 
making  sure  that  maximum  coverage  is  obtained. 

(10)  Invert  embedded  rubber  to  remove  excess  powder 
and  weigh  excess  powder.  Subtract  excess  powder 
weight  from  total  weight  of  embedment  powder. 

(11)  Cure  for  16  hr  at  120®  F. 

(12)  Clean  uncoated  side  of  Buna-S  rubber  with  trl- 
clean  and  allow  to  dry. 

(13)  Apply  a  15-  to  20-mll-thick  coat  of  Epon  913.1  to 
back  of  one  rubber  panel. 

(14)  Bond  a  second  rubber  panel  to  form  a  sandwich. 
(Embedded  surfaces  must  be  to  the  outside.) 

(15)  Cure  for  16  hr  at  77°  F  under  1  psl  pressure. 

(16)  Mount  case^bond  system  in  a  ce.Itilose  acetate 
frame. 

(17)  Install  mounted  case-bond  system  in  a  case-bond 
test  beaker. 

(18)  Powder  load  with  CYH  casting  powder,  solvent 
cast,  and  cure  per  standard  operating  procedures. 

(19)  Secure  a  polyethylene  panel  8  by  30  by  1/2  in. 

(20)  Apply  a  15-  to  20-mll-thick  layer  of  Multron 
potting  compound  to  both  surfaces  of  the  poly¬ 
ethylene  panel. 

(21)  Affix  one  Buna-S  rubber  embedded  caae-bond  panel 
to  each  surface.  (Embedded  surface  must  be  to 
the  outside.) 

(22)  Cure  for  16  hr  at  77°  F  under  1  psl  pressure. 

(23)  Install  polyethylene  panel  with  case-bond  system 
in  a  case -bond  test  beaker. 
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(24)  Powder  load  with  CYH  caatlng  powder  solvent,  cast, 

and  cure  par  standard  operating  procedures. 

b.  Machining  of  Teat  Speclnena 

After  the  propellant  has  been  cured,  grain  1  will  be  sewed 
Into  eight  sectlona  ee  shown  in  Figure  2*S3.  Sections  A  through  F  will  be 
■eehlned  into  teet  epeclMne  ee  shown  In  Figures  2-54  and  2-54A.  Grain  2 
will  be  aectloned  as  shown  In  Figure  2-54B  and  Chen  machined  Into  test 
speclsicns  as  shown  In  Figure  2-54C. 

All  machining  will  be  performed  In  the  presence  of  techni¬ 
cal  personnel  so  that  fabrication  techniques  can  be  evaluated.  Detailed 
Instructions  and  drawings  of  the  machining  operatlonn  will  be  supplied 
by  the  technical  sien  responsible  for  the  project.  Gtsneral  machining 
drawings  and  Instructions  ere  as  follows: 

(1)  Grain  1 

(a)  Remove  a  1.75-ln.  slice  from  the  base  of 

the  grain  (perpendlculnr  to  case-bond  system) 
(cut  1). 

(b)  Remove  e  0.7S-ln.  slice  along  the  length  of 
the  grain  (parallel  with  case-bond  system) 
(cut  2). 

(c)  Remove  a  1.75-ln.  slice  along  the  length 

of  the  grain  (parallel  with  ease-bond  system) 
(cut  3). 

(d)  Label  this  1.75-in.  slice  as  Section  F. 

(e)  Remove  e  3.25-in.  slice  along  the  length  of 
the  greln.  This  slice  will  contain  the  case- 
bond  system  In  the  center  of  the  section 
(cut  4). 

(f)  Reawve  e  1.75-in.  slice  along  the  length  of 
the  grain  (cut  5). 

(g)  Label  this  slice  as  Section  E. 

(h)  Using  the  3.2S-ln.  slice  removed  In  Step  5, 
resKive  e  0.35-ln.  slice  slong  the  length  of 
the  grain  (perpendicular  to  case-bond  system) 
(cut  6). 

(1)  Reawve  successive  1.75'>ln..  slices  along  the 
length  of  the  grain  (cuts  7,  8,  9,  and  10). 
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Cut  5 


Cut  4 


C«sebc’<.d 
System 


10 


Cut  3 


SECTION 

DIMENSIONS 

A 

1-3/4 

X  3-1/4 

X  30 

B 

1-3/4 

X  3-1/4 

X  30 

CASEBOND  IN 

C 

1-3/4 

X  3-1/4 

X  30 

CENTER  OF  3-1/4 

D 

1-3/4 

X  3-1/4 

X  30 

MEASUREMENT 

E 

1-3/4 

X  3-1/4 

X  30 

PROPELLANT 

F 

1-3/4 

X  3-1/4 

X  30 

(TENSILE  &  TORSION) 

G 

S/16 

X  1-3/4 

X  30 

PROPELLANT 

H 

5/16 

X  1-3/4 

X  30 

(LAP  SHEAR) 

NOTE:  ALL  DIMENSIONS  MEASURED  IN  IN. 


Figure  2-53.  End  View  of  Detailed  Machining  Plan  (Grain  No.  1) 
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Figure  2-54,  Side  View  of  Detailed  Machining  Plan  (Grain  No.  1) 
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Section  A 
Section  B 


3  X  1.25  X  30 

4  X  1.75  X  30 


fTorslon,  Lap  Shear.  Scarf  Joint) 


/1/2  J 
\Ca8e~ 


Jackman  Dogbone  and 
Bond  Torsion 


1/2  ^ 


NOTE:  ALL  DIMENSIONS  MEASURED  IN  IN. 


Figure  2-54B.  End  View  of  Detailed  Machining  Plan  (Grain  No.  2) 
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Figure  2-5AC.  Detailed  Specimen  Machining  Plan  (Grain  No.  2) 
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(j)  L«b«l  Mch  •lie*  M  It  !■  ronovad  from  the 
grain  with  conaacutlva  capital  letters  (A, 

B,  C,  D,  etc). 

(k)  Cut  each  ellce  to  form  1.75-  by  1.75-  by 
3.25-ln.  apeciaens  having  the  case  bond  in 
the  center  of  each  specimen. 

(l)  Label  each  specimen  with  the  slab  letter  and 
a  numeral,  l.e.,  Al,  A2,  A3,  ...  A12. 

Ktanerals  are  to  begin  from  the  top  and  run 
to  the  bottom  of  the  grain. 

(m)  Using  Sections  E  and  F,  remove  a  3.625-in. 
section  of  propellant  from  the  center  section 
of  each  slab  (cuts  11,  12,  13,  14). 

(n)  Remove  a  C.25-ln.  slice  from  the  length  of 
each  slab  to  form  a  0.25-  by  1.75-  by  30-in. 
section.  Identify  these  sections  as  G  and 
H  and  wrap  In  aluminum  foil  (cuts  15,  16), 

(o)  Take  the  remaining  propellant  from  Sections 
E  and  F  and  cut  each  slice  Into  1.75-  by 
1.75-  by  3.25-ln.  specimens. 

(p)  label  each  specimen  with  the  slab  letter 
and  a  nuseral  (i.e.,  El,  E2,  E3  . , .  B12). 
Numerals  are  to  tegln  at  the  top  and  run  to 
the  bottom  of  the  grain. 

(q)  Specimens  El,  E3,  E5,  E7,  Ell,  F2,  F4,  F6, 

F8,  FIO,  and  F12  are  to  be  machined  to  Jackman 
dogbone  specimens.  (See  Figure  2*53.) 

(r)  Specimens  E2,  E4,  E6,  E8,  ElO,  E12,  FI,  F3, 

F5,  F7,  F9,  and  Fll  are  to  be  machined  to 
case-bond  torsion  specimens.  (See  Figure  2-54.) 

(s)  Specimens  C3,  03,  C4,  A5,  .\6,  C6,  06,  A7, 

AS,  B9,  C9,  and  CIO  are  to  be  machined  to 
modified  case-bond  torsion  specimens.  (See 
Figure  2-54.) 

(t)  Specimens  Al,  A2,  A9,  AlO,  Bl,  B4,  B6,  C2, 

C5,  C7,  C",  Cll,  C12,  04,  07,  08,  Dll,  and 
012  are  to  be  machined  to  Jackman  dogbone 
specimens.  (See  Figure  2-53.) 
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(u)  Specimens  A3,  A4,  All,  A12,  B2,  B3,  B5,  B7, 
B8,  BIO,  Bll,  B12,  Cl,  Dl,  D2,  D5,  D9,  and 
DIO  are  to  be  machined  to  case -bond  torsion 
specimens.  (See  Figure  2-54.) 

(v)  Sections  G  and  H  will  be  cut  up  into  1-  by 
1-1/2-  by  5/16-in.  lap-shear  spec imens . 


(2)  Grain  2 

(a)  Remove  e  1.75-in.  section  from  the  bottom 
of  the  grain  (perpendicular  to  case-bond 
system)  (cut  1). 

(b)  Remove  a  0.35-in.  slice  along  the  length 
of  the  grain  (perpendicular  to  case -bond 
system)  (cut  2). 

(c)  Remove  a  1.25-in.  slice  along  the  length 
of  the  grain  (perpendicular  to  case -bond 
system)  (cut  3).  (Identify  as  Section  A.) 

(d)  Remove  a  1.75-in.  slice  along  the  length 
of  the  grain  (perpend. cular  to  case-bond 
system)  (cut  4).  (Identify  as  Section  B.) 

(e)  Wrap  the  remainder  of  the  grain  in  aluminum 
foil  for  storage. 


(f)  Using  Section  A,  remove  the  excess  propellant 
from  each  side  so  that  a  section  with  the 
case-bond  system  In  the  center  3-  by  1.25-  by 
30-in.  la  formed. 

(g)  Machine  this  section  into  3-  by  1.25-  by 
1.25-ln.  specimens. 

(h)  Identify  each  specimen  with  Al,  A2,  A3  . . . 
Numerals  are  to  begin  fiom  top  and  run  to 
the  bottom  of  the  grain. 

(i)  Specimens  for  lap  shear  tests,  torsion 
tests,  and  scarf  Joint  tests  will  be  speci¬ 
fied  by  the  technical  personnel  observing 
the  machining. 

(J)  Specimens  for  propellant  characterisation 
will  be  obtained  from  the  excess  propellant 
as  Step  9  and  will  be  specified  at  a  later 
date. 
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(k)  Otlng  Section  B  ranova  tha  axcaai  propellant 
to  fona  a  1.75-  by  4-  by  30-in.  aectlon  with 
tha  caaa-bond  ayataa  in  the  center  of  the 
4-in.  naaaurement. 

(l)  Hachina  1.75-  by  1.75-  by  4-ln.  apecimens 
from  thia  apeelmen. 

(a)  Identify  each  apaclmen  with  a  letter  and  a 
nianeral,  l.e.,  Bl,  B2,  B3 . B12. 

(n)  Machine  gx>dlfied  Jactanan  dogbones  from  each 
apaciman.  (See  Figure  2-54C.) 

(o)  Speciaena  will  be  selected  at  a  later  date 
to  prepare  caaa-bond  torsion  spaclmons. 

Each  apaciisan,  Bl,  B2,  B3,  ate,  will  make 
two  test  samples. 

(p)  Machining  instructions  for  tha  remainder 
of  grain  No.  2  will  be  issued  after  pre¬ 
liminary  testing  has  indicated  a  suitable 
test  specimen. 

Evaluation  of  Casa-Bond  Speeiwow 

Physical  property  characterisation  studies  will  be  used  to 
supplosMnt  available  data.  Tha  purpose  of  these  studies  is  to  accumulate 
information  which  is  not  available  and  is  required  for  the  stress  analyses. 
Typical  characterisation  studies  which  nay  be  required  would  be  allowable 
tensile  stress  and  strain  and  tensile  modulus  of  Buna-S  rubber,  Buna-S 
rubber  enbedded  with  base  grain,  and  propellant.  These  studies  will  be 
used  to  determine  beaker- to-beaker  and  wlthln-grain  variations. 

Test  conditions  will  be  maintained  so  that  each  specimen 
and  each  grain  will  be  subjected  to  similar  loading.  Scribed  reference 
lines  in  conjunction  with  photographic  techniques  will  be  used  to  measure 
displacements. 


These  studies  will  be  used  to  accumulate  that  information 
which  is  not  avsllable  and  ia  required  for  the  stress  enalysis.  Propellant 
characterisation  will  be  determined  by  the  test  methods  and  test  specimens 
selected,  and  the  differences  will  be  noted  in  the  properties  of  the  case- 
bond  system. 
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Typical  characterization  studies  which  may  be  necessary  are; 

(1)  Buna-S  rubber  -  tensile  and  elongation 

(2)  Buna-S  rubber  embedded  with  Epon  923  resin  and 

CYH  base  grain  -  tensile  and  elongation 

(3)  Propellant 

(a)  Uniaxial  tension 

(b)  Torsion 

(c)  Double  lap  shear 

(d)  Stress  relaxation 
2.  Failure  Analysis  Studies.  Phase  II 

These  studies  will  be  a  continuation  of  uniaxial  tension, 
ilmple  torsion,  double  lap  shear,  and  other  multlaxlal  loading  tests, 

The  test  specimens  will  be  ^^elected  from  the  Investigations  In  Phase  I 
by  the  following  criteria:  (1)  Reproducible  specimen  failed  in  the  area 
of  the  case-bond  resin;  (2)  location  of  failure  can  be  predicted;  e,g. , 
resin  to  substrate,  embedment  granule  to  embedment  resin,  embedment  granules 
cohesively,  embednent  grenules  to  propellent,  or  propellent  cohesively, 

(3)  specimen  geometry  Is  adaptable  to  stress  analysis,  and  (4)  fabrication 
techniques  are  feasible  and  Inexpensive. 

Failure  structural  analysis  studies  will  be  performed  on  these 
specimens,  and  a  general  mechanism  of  multlaxlal  stress  fields  required 
to  produce  case-bond  failure  will  be  determined.  The  stress  analysis  of 
the  case  bond  In  the  aft  dome  Is  dependent  on  a  new  finite  element  techni¬ 
que  now  being  developed  to  better  model  the  slotted  region.  From  the 
elastic  solution  thus  obtained,  a  viscoelastic  stress-strain  solution  will 
be  calculated  for  comparison  with  failure  criteria  developed  from  test 
results.  No  satisfactory  analytical  technique  Is  available,  or  expected 
to  be  available,  for  stress  analysis  of  the  case  bond  in  the  vicinity  of 
the  TT  port. 

Test  conditions  will  be  maintained  so  that  each  specimen  and 
each  grain  will  be  subjected  to  similar  loading.  The  following  conditions 
will  be  specified  at  the  time  samples  are  submitted  for  testing: 

(a)  Temperature 

(b)  Humidity 

(c)  Testing  rate  -  tension 
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(d)  Strain  rate 


(1)  Lap  shear 

(2)  Torsion 

In  addition  to  the  measurements  taken  by  the  recording  machine, 
displacements  will  be  measured  by  scribed  reference  lines  In  conjunction 
with  photographic  techniques. 

Specimens  will  be  selected  so  that  each  specimen  can  be  compared 
to  each  other  specimen  under  the  same  type  loading.  Sample  selection  is 
shown  in  Table  2-41. 

3.  Milestone 


The  following  schedule  for  this  effort  la  provided  as  completion 

schedule: 


1965 

1966 

CASE  BOND 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

Mny 

Jun 

Jul 

Aug 

Sep 

PRELIMINARY  INVESTIGATION 

A. 

-A 

SAMPLE  PREPARAnOM 

A_ 

maw.. 

Jk 

TESTING 

■MM 

Jk 

X 

nNAL  ANALYSIS 

T 
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TAB7-E  2-41 


SPECIMEN  CONFIGURATION  AND  FABRICATION  TECHNIQUES 


Grain  I 

Jackman  Dogbone 

Case-Bond  Torsion 

Modified  Case-Bond  Torsion 

A1,A2,A9,A10 

A3,A4,A11, 

A 12 

A5.A6.A7.A8 

B1,B4,B6 

B2,B3,B5,B7,B8.B10.B11. 

B9 

B12 

C2,C5,C7,C8,C11,C12 

Cl 

C3.C4.C6.C9. CIO 

D4,D7,D8,D11,D12 

D1,D2,D5,D9,D10 

D3,D6 

E1,E3,E5,E7,E9,E11 

E2,E4,E6,E8,E10,E12 

F2,F4,F6,F8,F10,F12 

F1,F2,F5,F7,F9,F11 

Grain  II 

1/2  Jackman  Dogbone 

1/2  Case- 

Bond  Torsion 

Torsion 

Lap  Shear 

B1  thru  B12 

B1  thru  B12 

A1,A5,A6, 

A2,A3,A4, 

A7,A9,All, 

A8,A10,A12 

A14,A15,A18 

A13,A16,A17 

Note;  Grain  II  case 

-bond  system  Is  such  that 

two  scsnples 

are  obtained 

«t 

each  location  except  for  lap  shear  specimens. 

Type  Testing 

Grain  I 

Grain  II 

Tens  Ion 

Torsion 

Tension 

Tors  ion 

Scarf  Joint 

Lap  Shear 

B1  A8  F8 

A1  B8  E7 

B1  B2 

B2  B1 

A1,A5.A6 

A2,A3,A4 

Cl  B9  F7 

D1  A9  E8 

B3  B4 

B4  B3 

A7,A9,A11 

A8,A10,A12 

A2  C9  E9 

C2  B9  FIO 

BS  B6 

B6  B5 

A14,A15,A18 

A13,A16,A17 

D2  AlO  ElO 

B2  CIO  F9 

B7  B8 

B8  B7 

C3  DIO  F12 

D3  BIO  Ell 

B9  BIO 

BIO  B9 

D3  Dll  Fll 

A3  Dll  E12 

Bll  B12 

B12  Bll 

D4  Bll 

B4  All 

A1,AS,A6 

A4  D12 

C4  C12 

A7,A9,A11 

C5  A12 

A5  B12 

A14,A15,A18 

BS  El 

D5  F2 

A6  E2 

B6  FI 

D6  F4 

C6  E3 

C7  F3 

D7  E4 

B7  E5 

A7  F6 

D8  £6 

C8  FS 
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SECTION  XV 


SPIRALLOY  FAILURE  CRITERIA  STUDY 


A.  INTRODUCTION 

The  purposes  of  this  study  are  to  develop  filament-wound  shear  spticlinens 
for  determination  of  actual  Mlnuteman  Wing  II  case  material  shear  strengths 
between  various  types  of  filament-wound  layers  and  also  develoo  failure 
criteria  for  case  materials  so  that  useful  storage  life  of  the  Mlnuteman 
case  can  be  predicted  with  reasonable  accuracy  by  the  use  of  less  expensive 
token  tests  and/or  subscale  pressure  vessels. 


In  order  to  obtain  the  maximum  information  and  value  from  the  Splralloy 
Service  Life  Prediction  Study  (Chapter  3,  Section  VI),  It  will  be  necessary 
to  perform  development  work  on  new  types  of  Interlaminar  shear  specimens 
(nonpressure  vessel  type)  for  the  anisotropic  material  used  In  Mlnuteman 
cases .  It  will  also  be  necessary  to  develop  shear  failure  criteria  for 
the  case  materials  using  these  new  types  of  shear  tests. 

Presently  used  shear  testing  procedures  for  filament-wound  materials 
do  not  yield  shear  results  which  are  typical  of  the  Interlaminar  shear 
capability  between  the  various  types  of  wound  layers  used  In  Mlnuteman 
cases.  New  tests  will  be  designed  to  establish  basic  shear  values  which 
can  be  used  to  predict  Mlnuteman  service  life  values  for  the  Mlnuteman 
study.  Shear  capabilities  between  U*  helical-wound  layers,  14®  helical 
and  level-wound  layers,  and  14  helical -wound  layers  and  B-staged  wafers 
will  be  determined.  The  relationships  betwsen  material  properties  -  resin 
content,  void  content,  wafer  B-stage  condition,  etc  -  and  shear  capability 
are  also  Important  and  may  be  a  link  in  establishing  the  failure  criteria. 

A  correlation  of  these  relationships  will  be  established  to  complete  the 
s  tudy . 

B.  APPROACH 

A  failure  criteria  for  the  Mlnuteman  case,  which  Is  considered  to  have 
mainly  a  dome  shear  type  mode  failure,  will  be  necessary  In  order  to  be 
able  to  predict  Mlnuteman  case  useful  storage  life  by  use  of  either  sub- 
scale  pressure  vessels  or  token  type  shear  specimens.  A  pure  theoretical 
analysis  Is  not  possible  with  the  present  knowledge  and  capability.  It  Is 
therefore  necessary  to  perform  a  cosibined  analysis  using  flexagage  data 
from  case  hydrobursts  and  elastic  property  and  Interlaminar  shear  theories. 
The  analysis  will  consist  of  the  following  procedure: 

(1)  Use  high-speed  movies  to  determine  the  locations  of  failures 

(2)  Determine  by  use  of  flexagages  the  strains  through  the  dome 
material  at  the  location  where  the  majority  of  failures 
occur. 
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(3)  S«p«rat«  banding  atrains  from  axial  stralni. 

(4)  Using  theoretical  elastic  modulll  and  measured  strains  for 
layers,  calculate  tensile  and  bending  stresses  In  the  various 
layers. 

(5)  Use  theoretical  analysis  of  orthotropic  structure  to  determine 
Interlaminar  shear  stresses  In  FSU's  aft  dome. 

(6)  Use  previously  determined  layer  tensile  stresses  to  calculate 
the  tensile  loads  In  the  various  dome  layers  at  burst  pressure, 
and  use  these  loads  and  the  wafer  areas  over  which  they  act 

to  determine  the  theoretical  layer-to-wsfer  failure  shear 
strengths  for  FSU's. 

(7)  Design  shear  specimens  and  establish  layer-to- layer  shear 
strength  as  determined  necessary  from  FSU  analysis. 

(8)  Coaq>are  token  test  results  with  FSU  analysis  results  for 
correlation.  When  correlations  are  established,  token 
specimens  can  be  stored  to  obtain  shear  degradation  of  the 
oMterlal  and,  therefore,  of  the  Minuteman  FSU  case  with  age. 

(9)  Evaluate  problems  Involved  In  use  of  12- In.  ovaloid  wafer 
vessel  for  storage  spaclsiens.  Establish  basic  value  for 
hydroburat  pressure  of  the  wafer  vessel. 

(10)  Establish  correlations  between  wafer  vessel  test  results, 
applicable  token  shear  results,  and  FSU  theoretical  analysis 
results. 

(11)  Use  the  results  obtained  from  (10)  to  determine  the  necessary 
minimum  allowable  shear  strength  for  minimum  allcwable  FSU 
burst  capability. 

C.  TESTING 

1.  Sample  Preparation 

Haterlal  used  for  winding  test  speclnwns,  Santa  Clara  99A  glass 
roving,  ERL  2256  epoxy  resin,  and  MFD  Hardener,  will  be  100-percent  Inspected 
upon  receipt  and  after  completion  of  vessel  winding  of  cylinder  for  all 
parameters  as  required  In  Minuteman  material  specifications  HPC-133-08-2-1S 
and  HFC-133-08-2-3.  The  materials  used  will  meet  the  acceptance  requirements 
of  these  specifications.  In  addition  to  specification  acceptance  testing, 
the  following  Mterlals  Inspections  will  be  made  during  sample  preparation: 

(a)  Roving 

(1)  Characterisation  of  finish  by  Pyrolysis  technique 

(2)  Initial  and  periodic  Clycol  analysis  of  finish  on 
roving 
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(b)  Resin 

(1>  Characterization  of  each  barrel  of  resin  to  be 
used  by  gas  chromatography  techniques 

(2)  Characterization  of  each  barrel  of  resin  to  be 
used  by  refractive  index  techniques 

(3)  Periodic  check  of  the  resin  stored  in  barrels  for 
moisture  content 

(c)  Hardener 

(1)  Characterization  of  each  barrel  of  hardener  by 
refractive  index  technique 

(2)  Periodic  check  of  moisture  content  of  each  barrel 
of  hardener 
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Ftgur*  2-3S.  Flaxagagt  Location  for  FSU  Caaa  Praaaura  Cycle  Taat 
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SECTI»!  XVII 


IGNITER  FAILURE  CRITERIA  DEVELOPMENT  STUDY 
A.  INTRODUCTION 

The  existing  Igniter  service  life  prediction  study  for  the  Mlnuteman 
stsge  III  (D6)  pyrogen  Igniter  has  been  conducted  for  Just  over  3  yr  with 
Igniters  being  tested  at  scheduled  Intervals.  The  11  surveillance  Igniters 
tested  were  stored  at  70°  F  and  ranged  In  age  from  6  to  43  mo  with  one  of 
these  units  performing  outside  the  specification  limit.  Ballistic  per¬ 
formance  Indicated  no  significant  trends  (at  95  percent  confidence  level) 
up  to  2  yr;  however,  after  the  3  yr  teats,  data  Indicated  a  significant 
decrease  In  maximum  pressure  and  a  significant  Increase  In  burn  time  as 
related  to  storage  time.  The  fact  that  a  trend  has  developed  In  test 
results  Is  cause  for  concern, and  the  use  of  purchase  specification  limits 
as  failure  criteria  Is  being  questioned.  The  mathematical  model  chosen 
to  represent  the  data  was  the  linear  regression  model.  Using  this  model 
and  the  igniter  purchase  specification  limits  as  failure  criteria,  an  ex¬ 
trapolation  of  the  existing  data  permits  a  predicted  service  life  value  of 
6  yr.  Extrapolation  of  the  3-slgma  limit  placed  about  the  mean  time 
Indicates  that  after  18  iso  the  confidence  band  exceeds  the  Igniter  bum 
time  specification  limit  of  0.52  aec.l 


This  failure  criteria  development  study  will  be  conducted  as  Indicated 
In  the  following  steps; 


(1) 

Step  I  -  Establish  a  tsore  accurate  failure  criteria  by 
determining  the  use  requirements  or  failure  limit  of  the 
Igniter  and  relate  parameters  measured  from  Igniter  static 
t€8t  results  Co  these  requirements 

(2) 

Step  II  -  Determine  if  the  present  linear  mathematical  model 
chosen  to  represent  Igniter  test  data  Is  valid  after  Igniter 
storage  approaching  10  yr 

(3) 

Step  III  -  Determine  the  action  required  to  more  closely 
monitor  aging  trends 

B.  APPROACH 

1.  Step  I 

The  system  requirements  of  the  stage  III  Igniter,  as  defined  by 
the  model  specification,  Is  to  attain  230  osl  motor  chamber  pressure  In 
less  than  200  ma  after  Initiation  of  firing  current.  This  requirement  Is 
not  directly  measureable  from  a  static  test  of  the  Igniter  assembly.  The 
parameters  related  to  the  Igniter  purchase  specification  requirements  are 
directly  measureable  from  Igniter  static  tests;  therefore,  these  require¬ 
ments  In  the  pest  were  used  as  failure  criteria. 
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In  order  to  mint*  isnltor  ocetlc  coot  rooults  to  notor  Itn^cion 
troaolonc  (Tf)*  on  onolog  cooipucor  profrooi  roconCljr  foraulotod  will  bo 
uood.  Thlo  eooipucor  progroa  eon  doco^lno  cho  nooo  flow  proper c loo  required 
of  on  Ignitor  to  ottoln  o  given  actor  T|.  Using  cho  ignition  cronoiont 
roquiroaonto  of  the  Minutoaon  otogo  Ill  aotor  of  200  no,  o  ericicol  nooo  flow 
will  bo  docominod  for  cho  oaioting  ignitor.  (Hoos  flow  it  rolotod  to  the 
ignitor  choabor  prooouro  which  it  nooourooblo  froa  ignitor  tcotic  cotct.) 

The  prooonc  T,  of  cho  11  aged  full-tcolo  aotor  toot  io  loot  then  100  no. 
well  within  the  200  no  required, end  ohowo  no  corrolotion  with  ego. 

To  confim  thio  coapuCor  noChod,  o  niniaua  of  four  ignitoro  will 
ho  fobricotod;  chooo  ignitoro  will  ho  portiolly  inhibited  (Figure  2*56)  to 
reduce  the  nooo  flow  to  the  lower  3>oigao  voluo  expected  after  10-yr  otorage, 
booed  on  prooont  trend  curve  infomotion.  TWo  of  thooo  ignitoro  will  ho 
otatic  tooted  to  confim  that  the  proper  oaount  of  ignitor  propellant  hat  boon 
raaovod.  One  ignitor  will  ho  retrofit  in  on  aged  aotor  and  the  omtor 
otatic  tooted  to  confim  the  coaputor  progron'o  ability  in  predicting 
critical  noaa  flow.  Tho  notor  uaod  for  this  study  say  ho  ooloctod  fron  the 
operational  ourvoillanco  study  being  conducted  by  OOAMA  at  tho  Lafcooido  toot 
facilities.  Tho  Air  Force  will  select  the  ontor  for  thio  confimation  taat. 
The  reaeining  igniter  will  be  held  os  backup.  If  the  critical  nooo  flow  can 
be  detemined  and  conflmed,  this  will  eoteblish  the  failure  criteria  of 
igniter. 

2. 

The  predicted  service  life  of  the  igniter  presently  io  on  ex* 
trapolation  of  the  linear  regression  nodel  chosen  to  represent  the  aging 
characteristics  of  the  unit.  An  eoouaption  is  node  that  the  sctual  aging 
charactarisCics  nnintein  e  linear  relationship  throughout  the  extrapola¬ 
tion.  Aging  characteristics  are:  Bum  tiae  (increasing)  and  neximiw 
pressure  (decreeoing).  Trends  Indicated  by  test  results  are  prinarily 
attributed  to  the  seae  aechenisa,  aigration  of  propellant  ingredients  into 
the  celluloee  ecetete  inhibitor  which  surrounds  the  cylindricel  section 
of  the  igniter  groin.  Eecently  coapleted  study  of  the  Polaris  (D-10) 
igniter  indicates  the  MG  aigration  rote  is  nonlinear.  The  D-10  and  D-6 
ignitera  are  siailar  except  for  the  groin  conf Iguretion.  The  D-10 
hes  a  key  slot  errangesant,  wherees  the  D-6  has  a  aodified  star  arrangement. 
The  criticel  factor,  which  is  the  initial  perforaance  of  the  aodified  star 
arrangeasnt,  aay  be  a»re  affected  by  MG  aigration  than  the  key  slot  arrange- 
aent.  If  the  rate  of  aigration  for  the  D-6  Igniter  is  nonlinear,  then  the 
chosen  aatheaatical  aodel  aay  not  describe  the  function  adequately,  and 
resulting  service  life  predictions  would  be  erronlous.  To  evaluate  the 
validity  of  the  chosen  aetheaetical  aradel  and  to  becoaw  acre  knwledgeable 
of  the  igniter  aging  characteristics,  a  ainlaua  of  13  igniters  will  be 
required.  If  the  present  linear  aodel  is  invalid,  the  knowledge  obtained 
froa  this  study  wixl  be  used  to  establish  a  aatheaatical  nodel  which 
describes  the  function  sure  adequately.  These  new  Igniters  will  be  stored 
at  an  elevated  tenperature  of  120*^  F  and  tested  periodically  for  periods 
up  to  18  ao  as  shewn  in  Table  2-42. 
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Figure  2-56.  Detailed  View  of  Inhibited  Igniter 


TAIU  a>42 


lonm  AOdLOATID  AOXim 


Igniter 

Cere 

Teat  No.* 

Tina** 

Tait  •aquanea  (a»)*** 


as* 

120 

120 

120 

120 

120 

120 

120 

120 

120 

120 

1 

120 

120 

gnitar  S/n  to  be  addad  upon  receipt  of  Igniters 
a  Zero  Tlw  la  expected  receiving  data 
*  Teat  Saquaneei 

■  Radiographic  Inspection 

■  Gaa  saaple  and  dissection  followad  by; 

(1)  Visual  and  dlMnalonal  Inapectlon 

(2)  Profile  study  (three  sanples) 

(3)  Ignltablllty  study  (six  apeclswns) 

(4)  Haat-of-raaetlon  of  pellets  (six  specloens) 

(5)  Strand  burning  rats  study  (six  speclsiens) 

(6)  Haat  of  explosion  of  propellant  (six  spaclmans) 

■  Static  test  at  slastlatad  altitude  conditions 
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Du«  to  tho  compliKity  involved  in  corrilattng  hlph  ttmparatura 
atoraia  tost  raaulta  to  normal  aging  taat  raaulti,  the  primary  uaa  of  tha 
reaulta  from  thla  atudy  will  be  to  detect  change  In  degradation  rate. 

Reaulta  from  the  high  temperature  atudy  will  be  compared  to  reaulta  of 
tha  normal  aging  atudy  praaontly  being  conducted  to  detect  a  poaalbla 
ralatlonahlp. 

Each  Ignltar  will  be  radiographically  Inapocted  In  accordance 
with  Specif leatioi)  H?C-133-02-5-2 ,  Oaaaral  Reoulrementa  for  Radloaraohlc 
Inipectlon  prior  to  dlaaactlon  or  atatlc  teatlnp,.  Upon  completion  of  the 
achedulad  atorago  parlod  two  Ignltara  will  be  atatlc  taatad  under  almulated 
altitude  condltlona  ualng  tha  axlatlng  teat  changer  (Kanvll  drawing 
IU)-7624).  One  Igniter  will  be  dlaeectad  par  teat  period  (Flgurca  2-37  and 
2-38)  and  tha  following  parformedt 

(a)  Vlaual^  Inapectiona  and  dlmenalonal  maaauramenta  of  the 
grain  to  datacc  changea  In  propallanc  configuration 
or  axudate  formaclona  will  ba  mada. 

(b)  Profile  atudy  will  be  conducted  to  detect  chemical 
changea  In  the  Ingredlenta  within  the  Igniter.  The 
propellant  will  be  analyzed  by  the  polarized  mlcroacopic 
method  and  tha  inhibitor  and  llnar  will  ba  chemically 
analyzed  per  eatabllahed  procedurea. 

(c)  Ignltablllty  atudy  (arc  Image)  will  be  performed  to 
determine  changea  In  the  Ignition  proper! lea  of  the 
Igniter  grain.  Section  S  (Figure  2-58)  apeclmena  will 
be  machined  without  the  normal  water  apray  to  prevent 
poaalble  effecta  of  water  on  the  apeclman  aurface. 

(d)  Section  A  will  provide  BKN03  pelleta,  to  be  teated  for 
heat-of*reactlon  to  determine  changea  In  energy 
liberated  due  to  atorage  or  poaalble  effecta  of  migra¬ 
tion  of  materials  Into  the  pelleta. 

(e)  Strand  burning  rate  teata  to  detect  any  change  in 
burning  race  with  time  will  be  conducted  ualng  apeclmena 
from  Section  E  (Figure  2-58). 

(f)  The  heat  of  explosion  of  the  propellant  removed  from 
Section  E  (Figure  2-58)  will  be  determined  by  use  of  a 
bond)  callmeter  to  detect  possible  changes  with  age. 

(g)  A  gas  sample  will  be  taken  from  the  igniters  to  analyzi; 
for  possible  propellant  decomposition  products.  This 
gas  sample  will  be  taken  by  Inserting  a  hypodermic  needle 
through  the  cork  In  the  nozzle  throat  prior  to  dissec¬ 
tion  of  the  igniter. 
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Figure  2-57.  Detailed  Igniter  Grain  Dissection 
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3.  ItMJtt 


Ih*  aiilatlai  Igaltar  Mrvtea  Ufa  pradietlon  atudy  providaa  for 
Mata  to  M  eoaAiatad  on  aa  anaual  baala.  Iha  aehadula  vaa  aatabllahad 
Man  tha  pngraai  aoopa  waa  axtaadad  froa  5  to  10  yr.  At  that  tiiM,  taat 
raaulta  IMieatad  ao  traada,  juatifying  tha  aaaual  taat.  Dua  to  datactad 

iohadula  will  ba  eoadanaad  (Tabla  2-1).  Thla  raachadul- 
^  "i^L**?*®*  ®**®  ^  PtogfM  to  7  yr;  howovar,  tha  prograa  la  auppla- 

Mtad  by  tha  oparatlaaal  raeyela  taatlag  of  Ignltora  eonductad  by  OOAMA. 

For  thla  raaaoat  tha  raduotloa  la  tha  duration  of  tha  atudy  ahould  not 
eoBproBlaa  tha  objaetlvaa  of  tha  Ignltar  aarvlea  Ufa  pradietlon  atutfy. 

4.  imggjjgggg 


Tha  plannad  allaatona  achadula  for  thla  affort  la  aa  followai 


Taak 

1966 

MJJA80ND 

1967 

J  F  M  A 

Itao  I 

li<  latabllah  failure 

arltariai  coaputar  prograw 

2.  Iidilbltad  Ignltar 
fabrleatloo 

3.  Ignltar  taata  (Inhlbltad) 

4.  F8U  atatlc  taat 

A _ A 

A _ A 

A-A 

A 

Stap  U 

1.  Procure  Ignltara  for 
hlgh-taavaratura  atudy 

2.  Tatting  achadula 

A _ A 

A _ 

—  18  mo  — 

9>  Matarlala  ^tllllrMinTl 


Tha  following  Hat  Includaa  matarlala  raqulrad  to  conduct  thla 

atudy: 

(a)  Partially  Inhlbltad  Ignltara  4  aach 

(b)  Pyrcgan  Ignltara  (D-6>  13  aach 
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FOREWORD 


Thla  document  pretenti  Che  Ht'tor  Storage  Studies  Program  Plan  and  the 
Hercules  plan  for  development  of  tallure  criteria. 

The  original  authority  and  requirements  for  motor  storage  studies 
were  eacabliahed  in  Contract  AF  04(647)-243,  Exhibit  B,  paragraph  III.F.5, 
and  Exhibit  D,  Section  III,  paragraph  D.9;  and  as  amended  by  CCN's  No. 

108,  165,  and  200. 

Authority  for  continuation  of  the  motor  storage  program  from  1  July 
1963  thru  30  June  1965  la  given  in  Contract  AF  04(694)-'127,  Exhibit  A, 
paragraph  D.9,  as  amended  by  CCN's  201,  208,  and  269. 

Authority  for  continuation  of  Che  motor  storage  program  from  1  July 
1965  thru  30  September'  1966  la  given  in  Contract  AF  04(694) -544,  Exhibit 
A,  part  VII,  paragraph  C,  as  amended  by  CCN  No.  50. 

This  doctanenC  supersedes  MTO-258-3A,  Revision  1,  Motor  Storage  Studies 
Program  Plan,  dated  1  December  1964,  and  is  presented  in  two  volumes. 

Volume  I  contains  Che  effort  which  was  transferred  from  Air  Force  Systems 
Command  (AFSC)  to  Air  Force  Logistics  Conaand  (AFLC)  in  the  transfer  of 
engineering  responsibility  of  Wing  I  thru  Wing  V.  Each  test  schedule 
indicates  Che  effort  remaining  as  of  crenafer  date,  1  October  1966. 

Volume  II  containa  Che  effort  which  is  the  responsibility  of  Air  Force 
Systems  Coenand  (full-scale  unit  effort  and  materials  unique  to  Operational 
Reliability  Improvement  (OPRI)). 
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irHAHJJASOND 

Ignitor 

Pntluro  crlctrio  otudy 

IgoUor  S  4  A 

Tenp  cond.  functional 

Transportation  rond,  «-ray 

fit  cofid.  K-ray,  funct.  static  fire 
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Te«p  cond.  functional 

Transportation  cond.  electrical 
fit  cond.  functional,  static  fire 
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Fbyslcal  4  cbenical  on  "old"  pellets 

TT  owlcch  -5 

•5 

•9 

•11 

‘11 

Transportation  vibration,  electrical 
flight  cond.  functional,  destruct 
Transportation  vlbratlcHi.  electrical 
flight  cond.  functional,  destruct 
Transportation  vibration,  electrical 
Fli^t  cond,  functional,  destruct 

11 

11 

24 

fronglbU  ioctoro  Wing  I 

Wing  n 

Transportation  vibration  electrical 
flight  vibration 

Transportation  vibration  electrical 
flight  vibration 

120 
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34 

3 

Nooflos  Wing  I 

Wing  11 

Pi'esaure  leak,  cold  torque.  NDT 
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Hand  cycle 
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or  Hitorlol 

Type 

Test 

I  Mo.  of 

Spec Inen 
Placed  in 
Storage 

1966 

1967 

J  PMAMJJASOMD 

JFHAMJJASOND 

J 

IfAltor 

Foiluro  crlt«rt«  study 

Ignitor  8  4  A 

Tesip  cond*  functional 

T.anaportatlon  cond.  o^ray 

Pit  cond.  s-ray,  funct,  static  fire 
Plight  cond.  S'ray.  dissect 

X-ray 

Static  teats  and  diaaectLon 

Temp  cond,  functional 

Tranaportatlon  cond,  electrical 

Pit  cond.  functional,  static  fire 

37 

17 

28 

3  2  2 

1  3 

1  1 

3  1 

3  2  2 

1  3 

3  2 

1  2  11 

1  1 

3  13  3 

3  3  3 

3  2 

I  2  11 

3 

3 

Polloto 

Riyslcal  4  rhenlcal  on  •'new**  pellets 

niysUal  4  rhenlcal  on  ’’old"  pellets 

8  8 

1  1 

8  8 

1  1 

TT  Mfltch 

•5 

-9 

•9 

>11 

•11 

Transportation  vibration,  electrical 
Plight  cond,  functional,  destruct 
Transportation  vibration,  electrical 
Plight  cond.  functional,  destruct 
Transportation  vibration,  electrical 
Plight  cond,  functional,  destruct 

U 

24 

1 

2 

9 

2 

12 

2 

Pronglblo  soctoro  Wing  I 

WlP^  11 

Transportation  vibration,  electrical 

Plight  vibration 

Transportation  vibration,  electrical 
Plight  vibration 

120 

152 

3  9  58 

6  14  1  2 

88 

8  8 

8  47 

13  5  6 

72 

8  8 

Moxzlos  Wing  I 

Wing  11 

Pressure  leak,  cold  torque,  KDT 

Mechanical  cycle 

X-ray.  disassemble 

Hand  cycle 

Pressure  leak,  cold  torque,  NOT 
X-ray,  disassemble 

Hand  cycle 

16 

7 

8  4 

4  2 

6  6 

6  6 

8  4 

4  2 

6  6 

6  6 

8 

4 

1 

6 

Splrnlloy 

Wofor  lap  shoar.  Type  1  (cyl) 

Uyor  lap  shear.  Typo  1  (cyl) 

Wafer  lap  shear.  Typo  1  mi  (cvl) 

Uyer  lap  shear.  Typo  2  (cyl) 

Wafor  bocilos 

Ovalold  bottles 

Short  besot  shear  (lab) 

Uncoatod  NOL  rings 

Coated  NOL  rings 

FSU  cases.  Wing  I 

PSU  LS  4  SSS.  Wing  I 

rsu  »•*>,  win.  II 

PSU  LS  4  S8S.  Wing  11 

Failure  criteria  study 

Interlasiinar  shear  ring  1 

Interlaminar  shear  ring  11 

Ftiystcal 

Physical 

Ihvslcal 

Physical 

Hydroburst 

Hydrobursr 

Physical 

Physical 

Physical 

Hydroburst 

Physical 

Hydroburst 

Physical 

ntyslcal 

Physical 

260 

400 

21 

40 

704 

440 

72 
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272 
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440 
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Teat 
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Teap  cond,  functional 

Transportation  cond,  xTsy 

Fit  cond,  x>ray,  funce,  static  fire 
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Ignitor  S  4  A 

reap  cond,  functional 

Transportation  cond,  electrical 

Fit  cond,  functional,  static  fire 
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Fhyslcal  4  cheaical  on  "new"  pellets 
Physical  4  cheaical  on  "old"  pellets 

TT  switch  •} 

Transportation  vibration,  electrical 

-$ 

Flight  cond,  functional,  destruct 

-9 

Transportation  vibration,  electrical 

•9 

Flight  cond,  functional,  destruct 

•11 

Trana,ort<tioa  vibration,  alactrtcal 

•11 

Flight  cond,  functional,  destruct 

Prangiblo  sectors  Wing  I 

Transportation  vibration,  electrical 
Flight  vibration 

Ulng  11 

Transportation  vibration,  electrical 

Flight  vibration 

goitles  Uing  1 

Pressure  leak,  cold  torque,  NDT 
Nrchanical  cycle 

X-ray,  disassesible 

Hand  cycle 

Wing  II 

Pressure  leak,  cold  torque,  NOT 
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Hand  cycle 
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Physical 
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Wafer  bottles 

Hydroburst 

Ovalold  bottles 

Hydr^urst 

Short  beaa  shear  (lab) 
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Uncoated  NOL  rings 
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Coated  NOL  rings 

Physical 

PSU  cases.  Wing  I 

Hydroburst 

PSU  L&  4  SgS,  Wing  1 

Physical 

FSU  cases.  Wing  It 

Hydroburst 

PSU  LS  4  SIS.  Wing  II 

Failure  criteria  study 
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Interlaainar  shear  ring  1 

^ysical 

Intcrlaninar  sheas  ring  II 

Physical 

Pri^l  lant 

Failure  criteria  study 

Chewical 

Physical 

Subscale  static 

Ho.  of 
Spcciwn 
Placed  in 
SCorait* 


1973 


JPMAMJJASONO 
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1974 

1975 

1976 

1977 
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2  2 
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1  1 
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32 

20 

CHANGED  1  September  1966  I -IX 

pa 


N-«p«ll«nfto*llMr  kofU 
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C«««  be«4  cyttM  No. 


Arflwolv*  «itd  rotting 


ing  J  1170-K18 
A  12  T 
9J4 

Kq'8>0024 

937.2 

lltV77 

RTVU 

923 

C-7 

TTilxon  Ct2 
C-7/SU  80/20 
C-7/SM  60/40 
C-7/NM  80/20 
C-7/NIK  60/40 
923.2/sn 
923.2/NlR 
8-1  PLt/irC  No.  1 
CYH/IPC  No.  1 
I- 1  fix/BPC  No.  2 
948.2/953 
948.2/sai 
948.2/SBR 
loot  >tO'f lop 


No.  of 

ipociaon 
Ploeoi  In 
Itorogn 


niytlcol  k  cHMlcil 
PNjrnlcal  i  chMlcal 
INyatctl  4  ehoalco! 
nijraUal  4  choalcol 


PSU  I 

1  Intonul  InauUtor 

Falltirt  eritoru  rtudy 
tfO  1)0  nwinoUc 

hut*  N 
luna  8 

rsu  n 

Utomal  laaulation 

Avcoac 

Cork 

froaourv  S«4l 

Elaacoaor 

f!!!!!! _ 1 

(UO  Effort) 
(UO  Effort) 
(UO  Effort) 
(UO  Effort) 

(UO  Effort) 
(ISO  Effort) 


Rijrafcal 

S««hacal«  itatlc  (Erotion) 

23 

riirttcal 

48 

SubrcaU  atatlc  (Irotlon) 

8 

Riyaleal 

Riyalcal 

92 

Riyalcal 

48) 

Rtyalcal 

3)4 

Riyalcal 

2880 

fungua 

240 

48  40  48  48  48  48  48  48  48  48  48  48  48  48  48  48  48  48 
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Prop«n«nt*lo-llner  bond  FSU  I 


failure  criteria  study 
Caee  bund  ayace«  No. 


Physical  &  cheulcal 
Physical  b  chesilcel 
Physical  b  chesiical 
Ayslcal  b  chesilcal 


Internal  Insulator 


failure  criteria  study 
RPD  ISO  Phenolic 

Buna  N 
Buna  S 

External  Insulation  i 


Pressure  Seal 


Adhesive  and  Potting; 
Caa^>ound 


ElastosKr 

Greases 


inj;  J  n70-ei8 
A  12  T 
934 

WQ-9-0024 
937.2 
RTV7  7 
RTVBd 
923 
C-7 

Thixon  CB2 
C*7/SBR  80/20 
C*7/SBR  bO/40 
C-7/NBR  80/20 
v7/KBlt  60/40 
923.2/888 
923.2/NB8 
B*1  Fix/EPC  No.  1 
CYH/BPC  Ho.  I 
S-1  Fix/BPC  ho.  2 
948.2/9S3 
948. 2/S  DM 
948.2/SBIt 
Soot-to*tlap 


(bSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 

'  (BSD  Effort) 
Physical  (BSD  Effort) 


Physical 

Subscale  static  (Erosion) 
Physical 

Suoscale  static  (Erosion) 

Physical 
Physical 
I9iysi<  al 

Ihvsical 

Physical 

Fungus 

Physical 

Physical 

Physical 


Pliysical 

Cheeilcat 

Physical 

Physical 

Physical 

P.*el 

Peel 


Static  lire 
Static  fire 
Static  fire 
static  fire 


(BSD  Effort) 
(BSD  Effort) 


(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 
(BSD  Effort) 


(BSD  Effort) 


Hold  8  speciswna  for  backup 
Hold  72  speclBKns  for  backup 
Hold  72  specisens  for  backup 

16  I  16 

6  I  6 

Hold  135  specifsens  for  backup 

6  3  |6  3 
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J  F  H  A  H  J 


A  t  0  M  D 


JPMAMJJASORO 
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JKMAMJJASORD 


18 

I 


16 

6 


16 

6 


16 

6 


16 

6 


16 

6 


16 

6 


6 

1  1 


6 

1  1 


2? 


120 


16 


6  6  6  6  6  6 


666666666666 


666666666666 


666666666666 


666666666666 


16 

16 

16 

8 

8 


16 

16 

16 

8 

8 


4  8 
16 


8 

12 


8 

24 

24 

24 

24 

24 

24 

4 

4 


8  4 
8 


4 

12 

12 

12 

12 

12 

12 

4 


4  8 
16 


8 

24 

24 

24 

24 

24 

24 

4 


8  4 
8 


4 

12 

12 

12 

12 

12 

12 

4 


4  8 
16 


8 

24 

24 

24 

24 

24 

24 

4 


4 

12 

12 

12 

12 

12 

12 

4 


8 

24 

24 

24 

24 

24 

24 


4 

12 

12 

12 

12 

12 

12 


16 

24 


16 

24 


8 

12 


16 

24 


8 

12 


16 

24 


24 
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1-lOE 


Typ* 

T«at 


1972 


1973 


Frof«llant- co> 1 ln«r  bond  FSU  1 


Pbllur*  rrictrl*  itudy 
C«*«  bond  ■yitoM  No. 


niytlcal  4  chcnlcat 
niyalcal  4  chanlcal 
Ftiyalcal  4  choailcal 
Fbyalcal  4  chaaileal 


Internal  Inaulator 


Pallurt  critarla  atudy 
tPD  130  Phenolic 
Buna  N 
Buna  S 

External  Inaulation  t 


(BSD  effort) 
(BSD  effort) 
(BSD  Effort) 
(BSD  Effort) 

V  (BSD  Effort) 

Phyeleal  (BSD  Effort) 

niya  leal 

Subaeale  italic  (Eroalon) 
Phyeleal 

Subeeele  atatlc  (Eroalon) 


Adhcalvc  and  Potting 
Cuapound 


ng  J  inO’EIB 
A  12  T 
934 

DCg-9>0024 

937.2 

RTV77 

RTV8B 

923 

C-7 

Thlxon  CB2 
C-7/SBR  80/20 
C-7/SBR  60/40 
C-7/NBR  80/20 
C-7/IfBK  60/40 
923.2/SBR 
923.2/NBR 
B-1  PIk/BPC  No.  1 
CYM/BPC  No.  1 
P-1  Flx/BPC  No.  2 
948.2/93] 
948.2/SBK 
948.2/SBR 
Bout-to-t lap 


Phyeleal 

Phyeleal 

Phyeleal 

Phye 

(cal 

(BSD  effort) 

(BSD  Effort) 

Phyaical 

3i» 

>cal 

Phyeleal 

(rSD  Effort) 

^yelcal 

(BSD  Effort) 

’hyelcal 

(BSD  Effort ) 

(BSD  Effort) 

Prvl 

(B.SD  Effort) 
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TABLE  1-S  (Cont) 
TEST  PAKAHETERS 


Teat  Item 

ParasMtar 

Data  Used 
for  Service 

Life  Predictions 

Cate 

Interlaminar  ahear(^) 

Tenaile  ahear 

X 

apeclmena 

Short  beam  shear (^) 

X 

lap  shear 

X 

Hoop  tensile 

Wafer  bortlea 

Burst  pressure 

— 

FSU  caaea 

Burst  pressure 

— 

Internal  Inaulatlon 

Rubber 

Tensile 

... 

Elongetlont*) 

X 

Density 

-- 

Hardness 

-- 

Erosion  (5) 

X 

NG  migration 

•• 

Phenolic 

Tensile 

-• 

Hardness 

-- 

Elongation 

— 

Erosion 

X 

External  Inaulatlon 

Avcoat 

Tensile 

-- 

Elongation 

-- 

Hardness 

Cork 

Tensile 

Hardness 

Elongation 

-- 

Density 

” 

^^^Current  failure  criteria  values  -  50  percent  degradation  of  Initial 

value 

^^^Current  failure  criteria  val  .  -  40  percent  degradation  of  Initial 

data  (baaed  on  caae  dealgn  t  " .  y  factor  and  evaluation  of  teat  reeulta 

of  failure  criteria  studies) 

^^^Current  failure  criteria  valuea  -  3.5  percent  elongation  (baaed  on 

hydroburst  data  on  allowable  caae  expansion)  and 

25  percent  Increased 

erosion  (based  on  evaluation  of  full  scale  motor 

erosion  data) 
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TABLE  1-5  (Cent) 
TEST  PARAMETERS 


Test  Item 

Parameter 

Data  Used 

For  Service 

Life  Predictions 

Propellant  grain 

Maximum  stress 

X 

Strain  at  max  stress 

X 

Maximum  strain 

X 

Stress  at  suot  strain 

X 

Creep 

Relaxation  modulus 

-- 

Chemical  changes 

X 

Accumulative  damage 

-- 

Case  bond 

Tensile 

X 

Peel 

Chem  profile 

X 

Adhesives  and 

Tensile 

potting  compounds 

Elongation 

Hardness 

Peel 

Shear 

Chemical  changes 

Th«c«  arc  nany  testa  and  obaarvatlons  made  In  the  Laboratory 
Support  Program  which  do  not  provide  measurable  data.  This  type  of  Informa¬ 
tion  is  recorded  by  photographs  or  other  means  and  used  In  making  predic¬ 
tions  and  performing  failure  analyses. 

The  procedure  for  analysing  and  interpreting  data  has  been 
designed  to  establish  a  consistent  method  for  making  service  life  predic¬ 
tions.  The  procedure  is  outlined  in  the  following  paragraph. 

c.  Service  Life  EstlMting  Procedure 
1)  Introduction 

The  minimum  service  life  of  motors  In  the  Mlnuteman 
propulsion  system  is  normally  ccnsldered  to  be  the  dessonstrated  storage  life 
determined  by  th'^  oldest  successful  full-scale  motor  firing.  However,  only 
limited  confidence  can  be  placed  on  a  single  smtor  test.  Also,  because  of 
the  SMll  sample  else,  minor  configurational  differences,  and  the  relatively 
short  lead  time  of  the  storage  motors  over  the  operational  force,  data  from 
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SECTION  IV 


FRANGIBLE  SECTOR  SERVICE  LIFE  PREDICTION  STUDY 
A.  INTRODUCTION 


The  Wing  I  frangible  aector  la  llluatrated  In  Hcrculaa  drawing 
No.  204SBU.  The  Ulnga  II  through  VI  frangible  aector  la  llluatrated  in 
Herculea  drawing  No.  0U0OS45-001.  Thia  atudy  appllea  to  both  types 
of  frangible  sectors.  A  portion  of  the  Wing  I  sectors  ware  of  R  &  D  design, 
and  the  wire  shielding  was  not  connected  to  the  sector  body.  As  a  result 
of  this  condition,  the  leads  Into  the  sector  body  broke  when  vibrated 
excessively.  This  design  was  not  used  on  operstlonal  sntors. 

The  frangible  sectors  will  be  tested  to  detenslne  the  Interactions  of 
tine,  temperature,  and  humidity  over  a  period  of  10  years.  The  frangible 
sectors  will  be  conditioned  to  simulate  actual  operational  conditions. 
Transportation  vibration  simulates  the  expected  motor  transportation. 
Operational  vibration  simulates  the  expected  vibration  received  during 
flight. 

B.  DETAILED  TEST  PLAN 


1.  Acquisition  of  Samples 

A  total  of  128  Wing  I  frangible  sectors,  manufactured  by  Libra- 
scope  Inc,  and  160  Wings  II  through  VI  frangible  sectors,  manufactured  by 
Hercules  Incorporated,  Port  Bwen  Plant  (HI/PB),  were  procured  for  this  study. 

2.  Storage 


Upon  completion  of  Initial  Inspection  and  transportation  vibra¬ 
tion,  the  frangible  sectors  were  stored  under  the  following  conditions: 


No.  and  Tvne 

32  Wing  I  frangible  sectors 
32  Wing  I  frangible  sectors 
40  Wings  II  -  VI  frangible  sectors 
40  Wings  II  -  Vi  frangible  sectors 
32  Wing  I  frangible  sectora 
32  Wing  I  frangible  aectors 
40  Wings  II  -  VI  frangible  snetors 
40  Wings  II  -  VI  frangible  sectors 


Storage  Conditions 


100® 

701 

rh 

100° 

r, 

101 

rh 

100° 

F. 

70% 

rh 

100° 

F, 

10% 

rh 

o 

O 

F, 

70% 

rh 

70° 

F, 

10% 

rh 

70° 

F. 

70% 

rh 

o 

o 

F, 

10% 

rh 

Removal  from  storage  for  testing  and  conditioning  la  aa  scheduled 
In  Tables  2-4  through  2-9. 
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FRANGIBLE  SECTORS  TEST  SCHEDULE,  WING  I 
(Storage  Conditions:  70°  F,  10  percent  rh) 
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FRANGIBLE  SECTORS  TEST  SCHEDULE,  WING  I 
(Storage  Conditions:  100°  F,  10  percent  rh) 
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FRANGIBLE  SECTORS  TEST  SCHEDULE,  WING  I 
(Storage  Condltiona:  70°  F.  70  percent  rh) 
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FRANGIBLE  SECTORS  TEST  SCHEDULE,  WING  I 
(Storage  Conditions:  100*^  F,  70  percent  rh) 
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FRANGIBLE  SECTORS  TEST  SCHEDULE.  WING  II 
(Storage  Conditions  at  70°  F) 


10 


TT«Q«|>ortition  vibration  (in  accordance  with  qm'.ificacion  teacing  raquircaencs) 
New  transportation  vibration  and  electrical  check 
Operational  vibration  and  destruct  testing 


FRANGIBLE  SECTORS  TEST  SCHEDULE,  WING  II 
(Storage  Conditions  at  100°  F) 
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«  -  Transportation  vibration  (in  accordance  vlch  qualification  caacint  rcqulrt 
b  ■  New  transportation  vibration  and  electrical  check 
c  *  Operational  vibration  and  destruct  testing 
**Zero  tiae  is  manufacture  date 


3.  Trmroorftloa  Vlbr«tton 

Trcnaportatlon  vibration  of  tha  frangible  aector  will  be  acconr- 
pllahad  by  aanintlng  tha  eactor  aeaaa^ly  on  tha  frangible  aector  vibration 
fixture,  and  vibrated  aa  followa: 

(a)  Aaplltuda:  3.5  G  naa  between  5  to  50  cpa; 
vibration  Halted  to  0.4  In,  peak-to-peak 

(b)  Range:  5  to  50  cpa 

(e)  Duration:  two  double  aweapa  (5  to  50  cpa  and 
return  to  5  cpa  for  each  double  awaep)  at  1/2 
octava  par  olnuta  In  each  of  the  three  axea. 

Note 

All  tranaportatlon  vibration  performed  at 
aero  tlaie  waa  In  accordance  with  the  quali¬ 
fication  tearing  requlrementa  aa  apeclfled 
In  Herculea  Specification  HFC-133-08-5-2A, 

Franalble  Sector  Aaaemblv.  paragraph  4,5.9. 

However  thla  teatlng,  when  uaed  during  the 
tea  ting  aequencea,  would  expoae  each  fran¬ 
gible  aector  to  vibration  cycling  In  exceaa 
of  that  received  by  operationally  deployed 
unite.  The  vibration  requlrementa  ahown 
al'ove  are  conaldered  a  amre  reallatlc  teat. 

4.  Final  Condltlonlna  and  Teatlna 

a.  Slaatlated  Fllaftt  Vibration 

The  operational  vibration  for  the  frangible  aector  will 
conalat  of  random  vibration.  The  vibration  axla  ahall  be  changed  every 
2  cyclea.  Flight  altitude  conditions  will  be  simulated  as  follows: 

(1)  The  frangible  sector  shall  be  Installed  In  an 
enclosure  simulating  the  TT  port  and  mounted 
on  the  vibration  table. 

(2)  Flight  vibration  conditions  shall  be  simulated 
as  specified  in  HPC-133-08-5-2,  Frangible  Sector 
Assembly,  paragraph  4.5.11. 

b.  High  Temperature  Test 

One  Wing  I  and  one  Wing  II  frangible  sector  from  each  environ¬ 
ment  will  be  subjected  to  hlgh-teaqjerature  testing  to  almulate  flight  heating. 
The  units  w^H  be  placed  In  a  teaiperature  chamber  and  subjected  to  a  tempera¬ 
ture  of  250°  F  for  a  maxinnim  of  10  min.  They  will  then  be  Inspected  for 
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FULL-SCALE  UNIT  CASE  TEST  SCHEDULE 
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Figure  2-23.  Typical  Internal  Insulator  Saa^le  Section 


TABLE  2-2S 


FULL-SCALE  UNIT  RUBBER  SAMPLES  TEST  SCHEDULE 
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2.  Storage 

«.  Nogtle  Pivot  Sectlone 


The  nozele  pivot  eectlone  will  be  etored  at  60°,  80°,  and 
100°  F.  The  relative  hualdlty  of  the  60“  and  100“  F  bulldlnga  la  airt>lent. 
The  80“  F  building  la  controlled  at  50  percent  relative  humidity. 

b.  (Paragraph  deleted) 

3.  Tea  ting 

a.  Noatle  Pivot  Sect  Iona 


1)  Fixture  Cycling 


preaaure  aeal  teat, 
a Inulate  Che  nozzle 
fixture  coB^onenta, 
atorage  and  Ccatlng 
atage  nozzle  during 


To  perform  the  actuating  torque  teat  and  Che  0>rlng 
flxturea  were  dealgned  (drawing  No.  1264-BU)  which 
pivot  aectlon.  Figure  2-28  la  a  photograph  of  the 
Each  fixture  will  contain  two  0-rlnga  throughout 
to  duplicate  Che  condltlona  encountered  In  the  third 
alio  atorage. 


The  failure  criteria  employed  In  thla  atudy  are  actuat¬ 
ing  torque  and  the  ability  of  the  0*rlnga  to  maintain  a  aeal  agalnat  a 
preasure  of  200  palg. 


One  of  the  two  0-rlng  test  fixtures  of  each  system  at 
each  atorage  temperature  will  be  used  as  a  control,  while  the  other  will 
be  cycled  4“  right  to  4“  left  at  60  cpm  for  1  min  pej'  last  period. 

Figure  2-29  shows  Che  fixture  cycling  apparatus. 

2)  Pressure  Application 

A  pressure  dome  Is  bolted  to  the  fixture  (Figure  2-30) , 
and  as  in  the  pressure  leak  test  on  the  nozzle  assembly,  a  pressure  of 
200  psl  la  Introduced  Into  the  fixture  and  held  for  1  min.  A  drop-ln 
pressure,  which  can  be  observed  on  the  pressure  gage.  Indicates  a  leak 
past  the  0-rlngs.  In  Che  event  of  a  leak,  the  fixture  will  be  dis¬ 
assembled,  the  0-rlngs  removed,  and  an  axamlnatlon  of  the  0-rlnga  made  to 
discover  Che  cause  of  the  leak.  This  test  Is  performed  In  accordance 
with  Operating  Instruction  (01)  7-7.15.2. 


b .  Breakaway  Torque  Test 

The  Inscron  Tester  measures  and  records  the  torque  required 
to  vector  the  O-ring  fixture.  (See  Figure  2-31.)  0-rlng  breakaway  will 
be  tested  according  to  Bacchus  Laboratory  Procedure,  Section  II,  Method  22. 
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Figure  2-28.  Component  Parts  ot  the  O-Rlng  Teat  Fixture 
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Figure  2-31.  Fixture  Mounted  and  Ready  for  Testing  on  the 
Instron 


(S«atMe«  d«l«t*d) 


C.  DAXA  IVALamOM 

t«rvle«  life  prttdletlon  of  tbo  0«rlags  la  cho  nosslo  and  noiilo  pore 
•TOO  hu  boon  bosod  on  on  atrapolotlon  of  tbo  rosrooolon  onalysio  of 
hordnooo  and  alooMtlon  data;  bowavar,  tbo  pbyaical  taatlog  of  O-rlnga  la 
eooplata  wltb  tbo  30^d  taatlnf.  Tbo  aorvlca  Ufa  valua  basod  on  thla 
data  la  6  jr, 

Zn  tbo  futura,  tbo  oorrieo  lifo  valuo  will  bo  baaod  on  tbo  noiala 
ball-joint  broakaway  torqua  and  praaauro  aoal  ability  data.  Tha  sarvlce 
Ufa  pradietlon  baa  baan  axtandad  to  10  yr  baaad  on  tbla  data. 
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g.  Compatibility  Specimens 


Potting  compound  will  be  placed  In  direct  contact  with  pro¬ 
pellant  (sandwiches),  as  shown  In  Figure  2-35,  and  exposed  to  propellant 
vapors,  as  shown  in  Figure  2-36.  Samples  will  be  prepared  for  each  potting 
compound-CS,  BPC ,  and  polyurethane, 

2 .  Storage 

All  samples  will  be  placed  In  Che  storage  conditions  Indicated 
In  Table  2-35  at  60°  F,  80°  F,  or  100°  F. 

3 .  Testing 

a .  Physical  Tests 

The  B-1  Fix  specimens  will  be  removed  according  to  Table  2-35, 
visually  inspected,  photographed,  and  transportation  vibrated  when  appli¬ 
cable.  Transportation  vibration  will  consist  of  the  following; 

(1)  Amplitude,  3.5g  rms  between  5  and  50  cps;  vibra¬ 
tion  limited  to  O.A  in.  peak-to-peak 

(2)  Range,  5  to  5C  cps 

(3)  Duration,  two  double  sweeps  (5  to  50  cps  and 
return  to  5  cps  for  each  double  sweep)  at  1/2 
octave  per  min  In  two  axes. 

Any  variations  noted  in  any  specimen  from  previous  visual 
Inspections  and  photographs  will  be  recorded  and  rei orCed  in  Che  status 
report. 


The  following  specimens  will  be  withdrawn  from  storage 
according  to  Table  2-35  and  conditioned  and  tested  at  the  Bacchus  chemlca! 
laboratory  according  to  the  procedures  listed: 


Laboratory  Procedure 


Samples 

Test 

Method 

Tensile 

Tensile  test 

Section 

III,  Method 

61 

Tensile 

Percent  elongation 

Section 

III,  Method 

61 

Tensile 

Hardness  (Shore  A) 

Section 

III,  Method 

21 

Lap  shear 

Shear  test 

Section 

III,  Method 

16 

Peel 

Peel  test 

Section 

III,  Method 

29 
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(b)  Resin 

(1)  Characterization  of  each  barrel  of  resin  to  be 
used  by  gas  chromatography  techniques 

(2)  Characterization  of  each  barrel  of  resin  to  be 
used  by  refractive  Index  techniques 

(3)  Periodic  check  of  the  resin  stored  in  barrels  for 
moisture  content 

(c)  Hardener 

(1)  Characterization  of  each  barrel  of  hardener  by 
refractive  index  technique 

(2)  Periodic  check  of  moisture  content  of  each  barrel 
of  hardener 

(d)  Resin/Hardener  Mixture 

(1)  Check  by  RI  techniques  and  correction,  if  neces¬ 
sary,  of  the  nix  ratios  for  each  mix  used  in  winding 
cylinders  or  vessels 

2.  Test  Development  and  Shear  Strength  Determination 

New  token  shear  test  specimens  and  test  methods  (for  both  axial 
and  bending-type  loading)  will  be  developed  to  determine  actual  interlaminar 
shear  (II£)  capability  for  filament -wound,  helical-to-hellcal  Interfaces 
(layer  lap  shear.  Type  1):  helical-to-niat-wind  interfaces  (layer  lap  shear, 
Type  II):  and  helical-to-spiral-wound,  B-staged,  port-relnforceraent-wafer 
interfaces  (wafer  lap  shear.  Type  I  and  II),  Using  these  tests,  ILS  strength 
values  will  be  established  for  the  various  types  of  interfaces  for  both 
bending  and  axial  type  loading.  Correlation  of  results  of  bending  tests 
for  various  types  of  interfaces  with  results  which  have  previously  been 
obtained  from  short  beam  shear  testing  will  be  studied.  Also,  correlations 
evident  between  material  properties,  resin  content,  void  content,  wafer 
B-stage  condition,  etc,  with  shear  capability  for  the  various  types  of 
interfaces  will  be  established. 

The  layer  and  lap  shear  specimens  are  shown  in  Figures  2-9  and 
2-10.  The  general  scheme  for  obtaining  these  specimens  from  the  Spiralloy 
cylinders  is  also  Illustrated.  The  winding  geometry  of  the  cylinders  will 
be  varied  in  order  to  find  the  most  representative  failure  mode.  The  speci¬ 
mens  will  be  tested  as  shown  in  Figure  2-14.  A  sleeve  will  be  positioned 
around  the  shear  area  to  prevent  nonaxlal  loading. 

Short-beam-shear  type  (bending  shear)  specimens,  as  shown  in 
Figure  2-55,  will  also  be  cut  from  the  cylinders  and  loaded  as  shown  in 
Figure  2-55A  for  bending  shear  considerations. 
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Figure  2-5.'A.  lypicfll  Short  Beam  Shear  Loading  Diagram 
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The  various  types  of  specimens  will  be  analyzed  by  photomicrograpli 
techniques  to  determine  the  details  of  specimor'  structure  ( f  1  lament  ^res in 
distribution,  void  regions,  etc)  after  cure.  The  various  types  of  .short 
beam  shear  specimens  will  also  be  analyzed  after  failure  by  photomicrograph 
techniques  to  determine  at  which  Interface  the  failure  actually  occurred. 

The  percentage  by  weight  of  resin  content  and  void  content  will 
also  be  determined  for  each  type  of  shear  specimens. 

Three  cylinders,  as  shown  in  Figure  2-9,  will  be  wound.  A  total 
of  125  specimens  will  be  obtained  from  this  type  of  cylinder. 

Six  cylinders,  as  shown  in  Figure  2-10,  will  be  wound.  A  total  oi 
100  Type  I  wafer-shear  tests,  100  Type  II  layer-lap-shear  specimens,  25 
short -beam-shear  specimens  from  the  wafer  area,  and  25  short-beam-shear 
specimens  from  the  helical  area  will  be  obtained  from  this  type  of  cylinder. 

Four  cylinders,  as  shown  in  Figure  2-10  will  be  wound.  A  total 
of  60  type  II  wafer-shear  specimens  and  25  short-beam-shear  specimens  will 
be  obtained  from  this  type  cylinder. 

These  cylinders  will  be  wound  at  the  Hercules'  Clearfield,  Utah, 
winding  facility.  Complete  records  of  winding  techniques  used  and  details 
of  winding  will  be  kept. 

3 .  Subscale  Dome-Co-Dome  Wafer  Vesjel  Analysis  and  Testing 

A  total  of  24  dome-to-dome  wafer  vessels  per  drawing  12500524  will 
be  wound.  The  winding  geometry  for  these  vessels  consists  of  J  pole-uiece, 
centered  in  a  lO-ln.-dla  wafer,  sandwiched  between  two  helical-wound  layers. 
These  vessels  will  be  wound  at  the  Hercules'  Clearfield  winding  facility. 
Complete  records  of  winding  techniques  used  and  wi  ding  details  will  be 
kept.  High-speed  movies  will  be  taken  during  six  of  Che  burst  tests  to 
define  the  area  of  failure  Initiation.  Percentage  by  weight  of  resin  con¬ 
tent  and  void  content  will  be  determined  for  each  vessel.  Photomicrographs 
of  vessel  cross  sections  will  also  be  made  to  determine  the  details  of  the 
material  structure. 

4,  Minuteman  Wing  II  Full-Scale-Unit  Analysis  and  Testing 

A  total  of  50  specimens  with  a  configuration  similar  to  Type  1 
layer-lap-shear  specimens  and  25  short-beam-shear-type  specimens  will  be 
obtained  from  the  cylindrical  section  of  Wing  II  Minuteman  hydroburst  cases 
and  tested.  Each  type  of  specimen  will  be  characterized  by  photomicrograph 
techniques,  and  percentage  by  weight  of  resin  and  void  content  will  be 
determined.  Also  25  short-beara-shear-type  specimens  will  be  obtained  from 
the  domes  of  Minuteman  Wing  II  cases.  These  specimens  will  also  be 
characterized  by  photomicrographs,  and  percentage  by  weight  of  resin  con¬ 
tent  and  void  content  will  be  determined. 
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5. 


Full-Scale  Hydroburst  Instrumentation 


Flexagages  will  be  located  on  tlie  aft  dome  of  up  to  la  Minuttman 
QA  hydroburst  FSU  cases  as  shown  In  Figure  2-55B.  Tlie  data  from  these  gages 
will  be  used  to  determine  axial  and  bending  strains  In  the  area  where  ri]i? 
majority  of  FSU  cases  ultimately  fall.  The  strains  will  then  be  used  In 
ortliotroplc  equations  with  ortholroplc  elastic  properties  to  calculate 
maximum  fiber  stresses  In  the  various  dome  layers.  These  stresses  will 
then  be  converted  to  load  per  Inch  which  must  be  transferred  from  fibers 
into  wafers  by  shear.  Shear  stresses  will  then  be  calculated  and  compared 
with  applicable  lap-shear  results  to  establish  a  shear  failure  criteria  for 
the  case, 

D,  MILESTONE 

The  following  schedule  Is  provided  as  a  completion  schedule.  All 
effort  to  be  complete  bv  1  October  1966, 
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Figure  2-55B.  Flexagage  Location  for  FSU  Case  Pressure  Cycle  Test 


HORIZONTAL  PROJECTION 
FROM  CASE  CENTER  LINE 


GAGE  NO. 

DIRECTION 
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TABLE  2-42 


IGNITER  ACCELERATED  AC*NG 
TEST  SCHEDULE 


trk*  Test  Sequence: 
a  •  Radiographic  Inspection 
b  «  Gas  saigple  and  dissection  followed  by: 

(1)  Visual  and  dimensional  Inspection 

(2)  Profile  study  (three  samples) 

(3)  Ignitability  study  (six  specimens) 

(4)  Heat-of-reactlon  of  pellets  (six  specimens) 

(5)  Strand  burning  rate  study  (six  speclnwns) 

(6)  Heat  of  explosion  of  propellant  (six  specimens) 
c  ■  Static  test  at  sisulated  altitude  conditions 
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FOREWORD 


This  document  presents  the  Motor  Storage  Studies  Program  Plan  and 
the  Hercules  plan  for  development  of  failure  criteria. 

The  original  authority  and  requirements  for  motor  storage  studies 
were  established  In  Contract  AF  04(647)-243,  Exhibit  B,  paragraph  III.F.5, 
and  Exhibit  D,  Section  III,  paragraph  0.9;  and  as  amended  by  CCN's  No. 

108,  16S,  and  200. 

Authority  for  continuation  of  the  motor  storage  program  from  1  July 
1963  thru  30  June  1965  Is  given  In  Contract  AF  04(694)-127,  Exhibit  A, 
paragraph  D.9,  as  amended  by  CCN  No.  50. 

This  docuisent  supersedes  Kr0-258-3A,  Revision  1,  Motor  Storage  Studies 
Program  Plan,  dated  1  December  1964,  and  Is  presented  In  two  volumes. 

Volume  I  contains  the  effort  which  was  transferred  from  Air  Force  Systems 
Coonand  (AFSC)  to  Air  Force  Logistics  Connand  (AFLC)  in  the  transfer 
of  engineering  responsibility  of  Wing  I  thru  Wing  V.  Each  test  schedule 
Indicates  the  effort  remaining  as  of  transfer  date,  1  October  1966. 

Volume  II  contains  the  effort  for  full-scale  units  and  materials  unique 
to  Operational  Reliability  Improvement  (OPRl)  ,  which  Is  the  responsibility 
of  AFSC. 


Published  by 

The  Publications  Group 
General  Services  Department 
HERCULES  INCORPORATED 
Bacchus  Works 
Magna,  Utah 
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TABLE  3-6 


HOZZLB  MOVEMSrr  SCKKDULB,  WING  II  AMD  WING  IV 


Tlan  (sec) 

Pitch  Mossles 

Yaw  Rosslas 

Roll  Nozzles 

0  to  3 

+4°  at  O.S  cps 

+4®  at  0.3  cps 
In  phase  with 
pitch  notion 

None 

5  to  10 

±2°  at  1  cps 

+2®  at  1  cps 

In  phasa  with 
pitch  notion 

Nona 

10  to  IS 

Fixed  at  t2® 

Fixed  at  0® 

Nona 

IS  to  20 

Fixed  at  0° 

Fixed  at  2® 

None 

20  to  2S 

+2°  at  O.S  cps 

+2®  at  O.S  cps 

In  phase  with 
pitch  SMtlon 

None 

2S  to  30 

+2®  at  O.S  cps 

No  yaw  vector 

Nozzle  No.  3, 

±2  at  O.S  cps 

In  phase  with 
pitch  notlrn. 
Nozzle  No.  1, 
fixed  at  0° 

30  to  3S 

+1°  at  2  cps 

+1®  at  2  cps 

In  phase  with 
pitch  notion 

None 

3S  to  40 

Fixed  at  -1® 

Plxea  at  -1° 

None 

40  to  4S 

+2°  at  O.S  cps 

+2®  at  O.S  cps 

In  phase  with 
pitch  swtlon 

None 

43  to  t^ 

il°  at  1  cps 

+1®  lit  1  cps 

In  phase  with 
pitch  notion 

None 

Notai: 

(1)  The  above  moveoMnt  ochedule  la  an  Input  achedule  from  the  programner 

(2)  ^  indlcataa  alnuioldal  aotion 

(3)  In  TT  teats,  the  novablc  noaslea  shall  be  In  a  neutral  position  at 
the  tine  of  TT 

(4)  When  a  phasa  III  NCU  la  used,  there  will  not  be  a  roll  domnand 
Noszle  3  coBiaand  will  be  the  sane  as  nozzle  1  coonand 

(5)  t|j  Is  when  the  thrust  descends  to  750  lb 
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J.  DATA  EVALUATION 

1.  Evaluation  of  Motor  Inapectlon  Data  Preliminary  to  Static  Flrln", 

The  data  obtained  from  the  periodic  motor  inspections  during 
storage  at  liAFB  will  be  evaluated  for  each  motor  prior  to  static  firing. 

The  purpose  of  the  evaluation  Is  to  determine  the  areas  which  have  shown 
degradation  and  may  require  monitoring  during  static  firing. 

2.  Comparison  and  Evaluation  of  Firing  Data 

Data  developed  from  the  Wing  I  motor  static  firing  will  be  com¬ 
pared  to  FFRT  data,  and  Wing  II  and  Wing  IV  motor  static  firing  data  will 
be  compared  to  data  recorded  on  Wing  II  and  Wing  IV  qualification  motors  to 
determine  degradation  of  the  measurement  parameters  and  to  establish  the 
reliability  of  the  aged  motor.  In  all  cases,  the  comparison  will  Include 
evaluation  of  motor  performance  with  model  specifications  and  predicted 
values.  Components  of  design  different  from  FFRT  will  be  evaluated  separ¬ 
ately,  using  data  obtained  from  motors  of  a  similar  configuration.  If  fail¬ 
ure  occurs  during  static  firing,  the  evaluation  will  proceed. 

3.  Data  Reduction 


Data  from  storage  motor  firings  will  he  reduced  In  accordance 
with  Hercules  report  MTO-2S-3,  Section  VIII. 

4.  Reporting 

As  required  in  STL  Document  GM  61-9734.2-1045,  Revision  1,  Hercules 
will  prepare  an  Individual  Motor  Final  Test  Report  on  each  motor.  This 
report  will  Include: 


(a) 

Summary  of  test  handling  and  Inspection  operations 

(b) 

Review  of  test  objectives 

<c) 

Description  of  test  events 
system  performance 

and  predicted  and  measured 

(d) 

Fosttest  Inspection  data 

(e) 

Detailed  conclusions 

(f) 

Rellcblllty  classification 
or  failure 

of  subsystems  as  success 

(g) 

Detailed  reconmendatlons 

Documentat Ion 

Hercules  will  Issue  a  final  firing  report  45  days  after  each  firing. 
The  report  will  contain  a  detailed  analysis  of  the  firing  and  will  Incorporate 
and  suranarite  essential  data  from  other  test  firings.  This  data  will  include 
predicted  values  for  motor  performanco,  test  objectives,  etc.  The  predicted 
performance  values  will  Include  tabulated  pressure-time  data  and  other  para¬ 
meters  given  in  the  motor  acceptance  log  book. 
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CASE -BOND  TEST  SCHEDULE 
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c .  Peel  Strength 


The  90**  peel  test  will  be  conducted  in  accordance  with 
Bacchus  Laboratory  Procedure,  Section  III,  Method  57.  The  peel  specimens 
will  be  tested  in  accordance  with  the  schedule  in  Table  3-9. 

The  Case  Bond  Failure  Criteria  Study  presented  in  Chapter  2, 
Section  XIV  should  provide  the  required  test  improvements  and  corresponding 
failure  criteria. 

Until  the  improved  tests  and  failure  criteria  can  be 
obtained,  the  evaluation  of  caae-bond  data  will  be  limited  to  the  present 
trend  analysis  to  verify  that  degradation  does  not  occur. 
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SECTION  III 


OPERATIONAL  RELUBILITY  DIPROVEMENT, 

ADHESIVE  AND  POTTING  COMPOUND  SERVICE  LIFE  PREDICTION  STUDY 

A.  INTRODUCTION 

This  study  Includes  the  following  types  of  sdheslve  in  comblnstlo.i  with 
potting  compounds  and  propellant  to  be  studied  as  candidate  materials  for 
Wing  VI:  (1)  Adhesive  conforming  to  specification  HPC-133-08-7-56 ,  Type 
III  (948.2/953),  used  to  bond  boot  to  flap;  (2)  rubber  cement  conforming 
to  specification  HPC-133-08-10-14  (SBR/Skellysolve-B) ,  used  to  bond  boot 
to  flap  prior  to  vulcanltlng;  and  (3)  adhesive  conforming  to  specification 
hPC“133*"08“7"31 ,  composition  (Epon  923.2)  used  as  cascbond  powder  embedment 
bonding  agent. 

Potting  cong>ound  BPC  No.  2  will  be  used  around  the  nozzle-to-propellant 
Interface. 

B.  DETAILED  TEST  PLAN 

The  types  of  specimens  to  be  used  and  the  quantity  of  each  are  as 
contained  in  Table  3-10.  Specimen  configuration  was  chosen  to  simulate  sus¬ 
pected  modes  of  failure  for  each  adhesive  being  studied.  Testing  will  be 
conducted  as  indicated  in  Tables  3-11  and  3-12. 

1 .  Preparation  of  Specimens 
a .  Boot-to-Flap  Peel 

Metal  plates  will  be  cut  to  10-  x  5-  x  1/2-in.  size,  and 
rubber  sections  will  be  cut  to  6-  x  4-ln.  size  prior  to  vulcanizing.  Rubber 
sections  will  be  cut  to  6  x  3-1/4  In.  size  following  the  vulcanizing  sequence. 
Following  the  bonding  of  these  components,  a  1/4-in. -wide  groove  will  be 
cut  In  the  rubber  sections,  leaving  three  1-in. -wide  rubber  strips  on  each 
plate.  (Samples  will  have  the  same  basic  configuration  as  shown  In  Figure 
2-34  with  the  following  modifications:  Rubber  strips  will  be  1-  x  6-in. 
size,  no  potting  compound  will  be  used,  and  propellant  sections  will  be 
eliminated.)  The  procedure  Is  as  follows: 

(1)  Rubber  is  cut  to  4-  x  6-ln.  sections. 

(2)  The  4-  X  6-ln.  boot  and  flap  rubber  sections  are 
sanded . 

(3)  One  boot  and  one  flap-type  rubber  section  are 
vulcanized  together  leaving  a  1-ln.  flap  along  one 
4-in.  side.  (Teflon  tape  Is  used  as  a  barrier 
for  the  1-j.n.  flap  section.) 

(4)  Metal  plates  are  sand  blasted  and  degreased. 
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TABLE  3-10 


ADHESIVE  AHD  POTTING  COMPOUND 
MATERIALS  AND  TEST  DESCRIPTION 


Original 

Matarlal 

Type  of  Teat 

Type  of  Sample* 

Quantity 

Epon  948.2/933 

Tensile 

JANAF 

96 

Lap  shear 

Al/Al 

96 

Lap  shear 

Al/SBR/Al  -  BPC-2/CYK 

264 

Peal 

SBR/SBR  -  BPC-2/CYH 

264 

Bpon  923.2 

Lap  ahaar 

Al/NBR/Al  -  BPC-l/CYH 

120 

Lap  shear 

Al/SBR/Al  -  BPC-l/CYH 

120 

Peel 

NBR/NBR  -  BFC-l/CYH 

120 

Peel 

SBR/SBR  -  BPC-l/CYH 

120 

BPC-2 

Chemical 

Compatibility  and  B-1 

8 

analysis  and 

fix  configuration 

compatibility 

♦Type  of  Saaq>le  -  JANAF  (See  Figure  2-32),  Lap  Shear  (See  Figure  2-32), 

Peel  (See  Figure  2-34),  Compatibility  (See  Figures  2-35 

and  2-36),  B-1  Fix 

(See  Figure  2-33) 

A1  -  Alumlmui,  NBR 

-  Buna-N  Rubber,  SBR  -  Buna-S  Rubber, 

BPC  -  Bacchus  Potting  Compound,  CYH  -  Propellant 

TABLE  3-11 


POTTING  COMPOUND  TEST  SCHEDULE 


Material 

Fabri¬ 

cation 

Date 

Store 

Temp 

('I') 

r“ 

1 

Test  Sequence  ( 

mo  from 

zero  time)* 

D 

B 

B 

B 

B 

B 

B 

m 

B 

B 

60 

B-1  fix 

Nov  65 

100 

B 

e 

1  ^ 

a 

a 

a 

a 

a 

B 

a 

B 

Nov  65 

100 

1 

b 

H 

b 

b 

b 

b 

b 

i 

B 

1 

Bacchus  potting 

Nov  65 

60 

H 

a 

H 

a 

a 

a 

a 

a 

a 

B 

B 

compound  No.  2 

■ 

II 

H 

Nov  65 

60 

_ 1 

B 

b 

1 

b 

b 

b 

b 

B 

■ 

B 

B 

*Teit  Sequence: 
a  •  Inspect  and  photograph 

b  ■  Remove  from  storage,  Inspect,  vibrate,  and  photograph 
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Tensile  specimens  are  tested  for  tensile,  elongation,  and  hardness 


APPENDIX  A 


COMPLETED  OR  DISCONTINUED  TEST  PLANS 
SECTION  I 

PROPELLANT  TEST  PLAN 


A.  INTRODUCTION 

1.  Part  Degcrlotlon 

The  propellant  samples  described  In  this  test  plan  are  CYH  and 
DOP  formulations  that  differ  slightly  from  the  stage  III  p/opellants.  The 
present  stage  III  CYH  and  DDP  propellant  fonsulatlons  are  manufactured  with 
a  77  percent  NG  casting  solvent.  In  order  to  obtain  lead  time,  the  sur¬ 
veillance  samples  were  raanufsctured  with  an  80  percent  NC  solvent.  The 
total  difference  In  NG  composition  of  the  propellants  Is  approximately 
0.80  percent.  This  small  difference  In  NG  content  should  not  affect  aging 
characteristics.  Samples  of  propellant  manufactured  with  77  percent  NG 
solvent  have  been  placed  In  storage  for  backup.  The  CYH  and  DDP  propel¬ 
lants  are  used  In  all  stage  III  configurations  established  to  date. 

2.  Objective 

The  Propellant  Storage  Test  Plan  Is  designed  to  determine  the 
effects  of  storage  on  the  physical,  chemical,  stability,  and  ballistic 
properties  of  CYK  and  DOF  propellants  under  simulated  operational  environ¬ 
ments.  Specimens  will  be  tested  for  tensile  strength,  percent  elongation, 
modulus  of  elasticity,  hardness,  and  other  properties  as  outlined  by 
Hercules  Powder  Co,  Bacchus  Works  (HPC/B)  Laboratory  Procedures.  The 
data  gained  from  this  program  will  be  used  to  predict  the  reliability 
after  storage  and  the  length  of  useful  life  of  the  propellant. 

B.  TEST  PLAN  ORIENTATION 

This  study  Is  divided  into  two  parts;  (1)  Physical  properties  tests 
and  (2)  subscale  ballistics  tests.  A  physical  property  sample  of  each 
propellant  type  will  be  withdrawn  Initially  and  from  each  storage  condi¬ 
tion  (100°  and  60°  P)  at  1,  2,  3,  6,  9,  12,  15,  18,  21,  24,  27,  30,  33, 
and  36  months.  The  blocks  will  be  machined  into  the  required  test  speci¬ 
mens  In  accordance  with  SOP's.  The  forty-pound  charge  (FPC)  subscale  units 
are  stored  at  100°  F  with  control  units  at  60°  F.  The  subscale  grains 
are  withdrawn  every  3  months  for  a  total  of  36  months  for  testing  by 
motor  static  firing. 


C.  DmiUD  TIST  PUM 


1.  Acaul«ltlon  of  8—ol>« 

a.  PhTslcal  Propartlaa  Saaolaa 

Tha  propallant  taa^laa  raqulrad  for  the  phyilcal  properties 
portion  of  thla  prograa  are  obtained  by  caatlng  propellant  in  S-in,-dla  by 
60-in. -long  cylindrical  phenolic  beakers.  Tha  propallant  grain  is  then 
cured,  cut,  and  aaichlnad  Into  3-  by  3-  by  9-ln.  blocks.  The  blacks  are 
wrapped  In  aluailnuw  foil  for  storage. 

b,  Portr-Pound  Charae  Grains 

The  PPG  subscale  testing  grains,  Hercules  drawing  No. 
152-BU-l,  for  this  prograa  are  cast  froa  six  separate  powder  lots  used  for 
acceptance  testing  of  Mlnuteaan  powder.  Twelve  grains  froa  each  powder 
lot  will  be  stored. 

2.  Storage 

The  test  saaples  are  stored  at  HPC/B  In  Buildings  2169  and  2170, 
which  are  oalntalned  at  60^  and  lOO*’  P,  respectively.  Fifteen  physical 
properties  blocks  froa  each  propellant  type  and  six  FPC  grains  from  each 
casting  powdar  lot  are  stored  In  each  building. 

3.  Phvalcal  Properties  Testing 

For  physical  properties  testing,  a  3-  by  3-  by  9-ln.  propellant 
block  will  be  machined  into  the  required  test  specimens  prior  to  each  3  mo 
test  period.  Tensile  specimens  are  JANAF  "dog-bone”  modified  as  shown  in 
Figure  A-1.  The  physical,  chemical,  and  stability  properties  tests  to  be 
conducted  arc  as  follows: 


Properties 


Test 

Specimen 


Bacchus  Laboratory 
Procedure  Manual  Wo. 


Tensile  strength 

Dog  bones 

Section 

3. 

Method 

3 

Percent  elongation 

Dog  bones 

Section 

3. 

Method 

3 

Modulus  of  elasticity 

Dog  bones 

Section 

3, 

Method 

3 

Hardness 

Dog  bones 

Section 

3. 

Method 

21 

Auto  ignition 

1-1/4  in.  cubes 

Section 

3, 

Method 

15 

Specific  gravity 

— 

Section 

2. 

Method 

39 

Percent  stabilizer 

— 

Section 

2. 

Me  thod 

1 

Gensan  test 

— 

Section 

3, 

Method 

55 

Taliani  test 

— 

Section 

3, 

Method 

20 
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Figure  A-1,  Propellant  Tensile  Specimen 


4 .  Testing  Forty-Pound  CharRe  Grains 

The  FPC  grains  are  cast  in  a  triple-length  phenolic  beaker  with 
a  cylindrical  core,  and  then  cut  to  the  required  length.  The  middle 
grains  are  stored,  and  the  end  grains  are  tested  to  provide  the  initial 
data.  The  data  from  the  acceptance  testing  of  these  powder  lots  will 
also  serve  as  initial  data  for  determining  the  effect  of  aging  on  the 
propellant  ballistic  properties.  After  the  scheduled  storage  is  completed, 
the  grain  is  Inserted  in  a  steel-cased  motor,  Hercules  drawing  No.  183-BU-l 
(Figure  A-2),  and  static  fired  in  accordance  with  Hercules  range  procedures, 
at  intervals  presented  in  Table  A-IA.  The  following  parameters  are  measured 

(a)  Average  burning  rate 

(b)  Specific  impulse  vacuum 

(c)  Average  pressure 


A-3 


CHANGED  1  September  1966 


A“A 


Figure  A-2.  Forty-Pound  Charge  Test  Motor  Assembly 
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Time 
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Sep  60 
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j 

Dec  61 
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Storage 

Temp 

(°F) 

60 

100 

60 

100 

60 

100 

60 

60 

100 

60 

100 

60 

60 

100 

60 

100 

60 

100 

Lot 

69-A 
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14-61 
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49-61 

lOO-A-61 
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HIXDR-A 
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2056-D 
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DDP 

CYH 

CYH 
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POREUORQ 

Thl«  docuMnt  prasants  tha  Kotor  Storage  Studiei  Program  Plan  and 
tha  Harculaa  plan  for  davalopaant  of  failure  criteria. 

Tha  original  authority  and  requlrananta  for  aK>tor  atorage  studies 
wara  astabliahad  In  Contract  AF  04(647)-243,  Exhibit  B,  paragraph  III.F.S, 
and  fichlblt  D,  Sactlon  III,  paragraph  0.9;  and  as  amended  by  CCN's  No. 

108,  163,  and  200. 

Authority  for  continuation  of  the  motor  storage  program  from  I  July 
1963  thru  30  June  1963  la  given  In  Contract  AP  04(694)-127,  Exhibit  A, 
paragraph  D.9,  at  amended  by  CCM  No.  50. 

This  document  suparaedea  MIO~258*3A,  Ravltlon  1,  Motor  Storaae  Studies 
Program  Plan,  dated  1  Oecember  1964,  and  It  presented  In  two  volumes. 

VoluoM  I  contains  the  effort  which  was  transferred  from  Air  Force  Systems 
Conaand  (APSC)  to  Air  Force  Logistics  Conmand  (AFLC)  In  the  transfer 
of  engineering  responsibility  of  Wing  I  thru  Wing  V.  Each  test  schedule 
Indlcataa  tha  effort  remaining  as  of  transfer  date,  1  October  1966. 

Volume  II  contains  the  effort  for  full-scale  units  and  materials  unique 
to  Operational  Rallablllty  Improvement  (OPRl),  which  Is  the  responsibility 
of  AFSC, 


Published  by 

The  Publications  Group 
General  Services  Department 
HERCULES  INCORPORATED 
Bacchus  Works 
Magna,  Utah 


CHANGED  1  July  1966 


11 


ABSTRACT 


The  Mlnuceman  stage  III  notor  storage  studies  are  co-.prised  of  thret 
major  tasks:  Motor  Storage,  Laboratory  Support,  and  Failure  Criteria 
Development.  The  program  plan  since  initiation  in  1958  has  been  continuallv 
updated  for  AFBSD.  In  December  1965  Hercules  received  contractual  coverage 
to  divide  the  program  plan  into  two  volumes,  one  volume  to  contain  the  effort 
for  which  the  engineering  responsibility  is  to  be  transferred  from  AFSC 
to  AFLC  (Wings  I  through  V  motors  and  components),  and  the  other  volume 
to  contain  the  effort  for  which  the  engineering  responsibility  will  re-iair 
with  AFSC  after  1  July  1966. 

1 .  Volume  I 


Volume  I  of  this  document  contains  the  history  of  the  overall 
program  and  the  effort  required  after  transfer  of  engineering  responsibi¬ 
lities  to  AFXC.  This  volume  contains  the  AFLC  portion  of  the  storage 
program  plan  including  the  areas  described  in  the  following  paragraphs. 

Wings  I  through  V  motor  storage  is  primarily  designed  to  demon¬ 
strate  storage  capabilities  of  the  Minuteman  stage  III  rocket  motor.  To 
accomplish  this,  a  total  of  77  full-scale  motors  (15  Wing  I  R  6  D  2  Wing  I 
operational,  6  Wli.g  II  operational,  and  4  Wing  IV  operational)  were  placed 
in  storage  under  simulated  operational  environments,  conditioned,  inspected 
and  static  tested  after  aging  periods  from  1  to  10  yr. 

The  Laboratory  Support  Program  (Wings  I  through  V  component  and 
material  testing)  is  designed  to  predict  the  service  life  of  the  individual 
components  and  materials  and  ultimately  the  service  life  of  the  stage  tn 
motors.  The  study  involves  storing,  conditioning,  and  testing  components 
and  materials  used  in  the  stage  III  motors,  independent  of  the  motors.  These 
components  and  materials  are  stored  under  environments  repre-enting  the 
common  and  extremes  of  the  Minuteman  Model  Specification.  Resultant  test 
data  are  analyzed  and  compared  to  previous  test  results  to  establish  the 
aging  trends  used  for  service  life  prediction  as  reported  quarterly. 

The  Failure  Criteria  Development  Program  has  been  added  to  the 
original  scope  of  the  program  to  providr  failure  criteria  for  items  tested 
in  the  Laboratory  Support  Program.  This  criteria  is  essential  for  making 
accurate  and  meaningful  service  life  predictions. 

2 .  Volume  II 


Volume  II  of  this  document  contains  the  effort  for  which  AFBSD 
will  retain  the  engineering  responsibility  after  1  July  1966.  This  e.-'fort 
contains  two  Wing  VI  full-scale  motors  and  Wing  VI  unique  materials  and 
components.  The  storage  conditioning  and  testing  of  these  items  is  per¬ 
formed  in  a  similar  manner  to  those  items  being  tested  in  Volume  I. 
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SECTION  II 


OPERATIONAL  RELIABILITY  IMPROVEMENT, 

PROPELLANT-TO-LINER  BOND  SERVICE  LIFE  PREDICTION  STUDY 

A .  INTRODUCTION 

The  propellanc-to-llner  bond  in  the  stage  III  Minuteman  motor  is 
achieved  by  embedding  particles  of  base  grain  in  semicurred  epoxy  which  has 
been  sprayed  on  the  internal  case  insulation.  An  Intermediate  layer  of 
epoxy  is  sprayed  and  cured  intially  to  serve  as  an  NG  barrier. 

The  case-bond  systems  referred  to  in  this  test  plan  (Table  3-7)  consist 
of  the  rubber  liner,  barrier  coat,  embedment  coat,  base  grain,  and  propellant 
The  systems  for  Operational  Reliability  Improvement  (OPRI)  are  No.  19  and  22. 
Systems  No.  15,  17,  18,  and  21  were  candidate  OPRI  systems  and  are  now  being 
held  for  backup  only. 

The  various  sample  sizes  and  preparation  methods  described  in  this 
test  plan  reflect  improvements  made  to  the  case-bond  testing.  Improved 
specimens,  methods  of  preparation,  and  testing  have  been  included  in  the 
storage  program  as  new  case-bond  systems  are  incorporated  into  the  stage 
III  motor. 

Systems  IS,  17,  and  18  utilized  tensile  specimens  prepared  from  a 
1,128-  in.-dia  steel  plate  on  which  the  rubber,  epoxies,  and  embedment  are 
placed.  After  embedment,  the  plates  are  cast  into  3-1/2  In.  sq.  cellulose 
acetate  (CA)  beakers.  Samples  for  systems  19,  21,  and  22  were  prepared, 
using  the  Refractory  Index  (RI)  embedment  technique,  from  embedded  liners 
removed  from  PQC  cases.  Process  control  Information  of  these  systems  is 
given  in  Table  3-8.  For  system  19,  the  embedded  rubber  is  bonded  to  the 
round  plates  and  cast  in  physical  test  beakers.  This  method  of  preparing 
samples  more  closely  simulates  actual  stage  III  motor  processing.  The 
peel  specimens  for  systems  21  and  22  were  prepared  in  the  same  manner  as 
the  tensile  specimens. 

As  a  means  of  verif'ing  the  results  obtained  from  laboratory  prepared 
samples,  tests  will  be  conducted  on  peel  and  tensile  specimens  obtained  by 
dissection  of  aged  Wings  I  and  II  motors. 

B.  DETAILED  TEST  PLAN 

1 .  Sample  Acquisition  and  Preparation 

a .  Tensile  Specimen.  Systems  15,  17.  and  18 

The  case  bond  tensile  specimens  shown  in  Figure  2-11  were 
prepared  at  Bacchus  as  follows; 

(1)  The  metal  plates  were  grit  blasted  to  facilitate 
bonding . 

(2)  The  plate  and  rubber  liner  were  cleaned  with  Tri¬ 
clean  solvent. 
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CASE- BOND  TEST  SCHEDULE 
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c.  PmI  Strtntth 

Th«  90^  p««l  cast  will  ba  conducted  In  accordance  with 
Bacchua  Laboratory  Procadura,  Saction  III,  Method  57.  The  peel  specimens 
will  ba  tatted  In  accordance  with  the  achedule  In  Table  3-9. 

The  Caaa  Bond  Failure  Criteria  Study  presented  in  Chapter  2, 
Section  XIV  ahould  provide  the  required  test  inprovcments  and  corresponding 
failure  criteria. 

Until  the  improved  testa  and  failure  criteria  can  be 
obtained,  the  evaluation  of  case-bond  data  will  be  limited  to  the  present 
trend  analysis  to  verify  that  degradation  does  not  occur. 
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SECTION  III 


OPERATIONAL  RELIABILITY  IKPROVEMEHT, 

ADHESIVE  AND  POTTING  COMPOUND  SERVICE  LIFE  PREDICTICW  STUDY 

A.  INTRODUCTION 

This  study  Includes  the  following  types  of  adhesive  In  combination  with 
potting  compounds  and  propellant  to  be  studied  as  candidate  materials  for 
Wing  VI:  (1)  Adhesive  conforming  to  specification  HPC-1j j-08-7-56 ,  Type 
III  (948i2/953),  used  to  bond  boot  to  flap;  (2)  rubber  cement  conforming 
to  specification  HPC-133-08-10-14  (SBR/Skellysolve-B) ,  used  to  bond  boot 
to  flap  prior  to  vulcanizing;  and  (3)  adhesive  conforming  to  specification 
HPC-133-08-7-31 ,  composition  (Epon  923.2)  used  as  case-bond  powder  embedment 
bonding  agent. 

Potting  compound  BPC  No.  2  will  be  used  around  the  nozzle-to-propellant 
Interface . 

B,  DETAILED  TEST  PLAN 

The  types  of  specimens  to  be  used  and  the  quantity  of  each  are  as 
contained  In  Table  3-10,  Specimen  configuration  was  chosen  to  simulate  sus¬ 
pected  modes  of  failure  for  each  adhesive  being  studied.  Testing  will  be 
conducted  as  Indicated  In  Tables  3-11  and  3-12. 

1.  Preparation  of  Specimens 
a .  Boot-to-Flap  Peel 

Metal  plates  will  be  cut  to  10-  x  5-  x  1/2-ln.  size,  and 
rubber  sections  will  be  cut  to  6-  x  4-in.  size  prior  to  vulcanizing.  Rubber 
sections  will  be  cut  to  6  x  3-1/4  In.  size  following  the  vulcanizing  sequence. 
Following  the  bonding  of  these  components,  a  l/4-ln,-wlde  groove  will  be 
cut  In  the  rubber  sections,  leaving  three  1-in. -wide  rubber  strips  on  each 
plate,  (Samples  will  have  the  same  basic  configuration  as  shown  In  Figure 
2-34  with  the  following  modifications:  Rubber  strips  will  be  1-  x  6-ln. 
size,  no  potting  compound  will  be  used,  and  propellant  sections  will  be 
eliminated.)  The  prov edure  Is  as  follows: 

(1)  Rubber  is  cut  to  4-  x  6-in.  sections. 

(2)  The  4-  X  6-ln.  boot  and  flap  rubber  sections  are 
sanded , 

(3)  One  boot  and  one  flap-type  rubber  section  are 
vulcanized  together  leaving  a  l-ln.  flap  along  one 
4-ln.  side.  (Teflon  tape  Is  used  as  a  barrier 

for  the  l-ln.  flap  section.) 

(4)  Metal  plates  are  sand  blasted  and  degreased. 
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TABLE  3*10 


ADHESIVE  AND  POTTING  CXIMFOlIND 
MATERIALS  AMD  TEST  DESCRIPTION 


Material 

Type  of  Teat 

Type  of  Sample* 

Original 

Quantity 

Epon  948.2/953 

Tensile 

JANAF 

96 

Up  shear 

Al/Al 

96 

Up  shear 

Al/SBR/Al  -  BPC-2/cyH 

264 

Pael 

SBR/SBR  -  BPC-2/CyH 

264 

Epon  923.2 

Up  shear 

Al/NBR/Al  -  BPC-l/CYH 

120 

Up  shear 

Al/SBR/Al  -  BPC-l/CYH 

120 

Peel 

MBR/NBR  -  BPC-l/CYH 

120 

Peel 

SBR/SBR  -  BPC-l/CYH 

120 

BPC-2 

Chemical 

Compatibility  and  B-1 

8 

analysis  and 

fix  conf IgurcLlon 

compatibility 

♦Type  of  Sample  -  JANAF  (See  Figure  2-32),  Up  Shear  (See  Figure  2-32), 

Peel  (See  Figure  2-34),  Compatibility  (See  Figures  2-35 

and  2-36),  B-I  Fix  (See  Figure  2-33) 

A1  -  Aluminum^  KBR 

•  3una-N  Rubber,  SBR  -  Buna-S  Rubber, 

BPC  •  Bacchua  Potting  Compound,  CYH  -  Propellant 

TABLE  3-11 


POTTING  COMPOUND  TEST  SCHEDULE 


Fabri¬ 

cation 

Store 

Temp 

Teat  Sequence  (mo  from 

zero 

time)* 

Material 

Test 

Date 

(°F) 

0 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

B-1  fix 

Visual 

Nov  65 

100 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

Control 

Nov  65 

100 

a 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

Bacchus 

potting 

Visual 

Nov  65 

60 

a 

a 

a 

a 

a 

a 

a 

8 

a 

a 

a 

compound 
No.  2 

Control 

Nov  65 

60 

a 

b 

b 

b 

b 

b 

b 

b 

b 

b 

b 

*Te8t  Sequence; 


a  •  Inspect  and  photograph 

b  «  Remove  from  storage,  Inspect,  vibrate,  and  photograph 
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ADHESIVE  COMPOUND  TEST  SCHEDULE 
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Refer  to  leet  pe(e  of  teble  for  legend 


ADHESIVE  COMPOUND  TEST  SCHEDULE 


1 

0 

N 

I 

I 

4) 

U 
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0) 

3 

cr 

« 

<A 

W 

«a 

41 

H 

O 

f*4 

•O  'O  'A  >0 

108 

sO  <0  sO  sO 

_!1J 

vO  sO  >0 

>0  vO  vO  vO 

pv. 

•0^0  >0  \0 

09 

•cr 

*r\ 
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3 

•oi^»ofO 

42 

36 

sfli^yo^n  'OnsO<n 

30 

'Om'Ofo 

2. 

>on'0<n 

oo 

PM 

'O'OvO^O  'O'OcO'O 

sO 

•O  >0  >0  >0 

o 

1 

_ 1 

Store 

Temp 

f 

OOQO  OOOO 

O'OO'O  O'OO'O 

Zero  Time 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Nov  65 

Test 

Lap  Shear 
Lap  shear 
Peel 

Pe^l 

Lap  shear 
Lap  shear 
Peel 

Peel 

<0 

<0 

(Q 

Li 

V 

u 

S 

Ep>on 

923.2/NBR 

923.2/NBR 

923.2/NBR 

923.2'NBR 

Epon 

923.2/SBR 

923.2/SBR 

923.2/SBR 

923.A/SBR 
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Material;  SBR  -  Buna>S  Rubber,  BPC  -  Bacchus  Potttr.g  Cootpound 


/ 


(5)  The  vulcanized  rubber  section  is  cut  to  a  6-  x 
3-1/2  in.  size. 

(6)  The  6  X  3-1/2  in.  rubber  sections  are  sanded  and 
degreased . 

(7)  Epon  913  adhesive  is  mixed. 

(8)  The  rubber  sections  (boot  surface)  are  bonded  to 
metal  plates. 

(9)  Epon  913  adhesive  is  cured  for  8  hours  at  80°  F. 

(10)  Epon  923.2  adhesive  is  mixed. 

(11)  Cloth  backing  is  bonded  to  the  rubber  sections 
(flap  surface). 

(12)  Epon  923.2  is  cured  for  16  hours  at  120°  F. 

(13)  A  groove  is  machined  in  the  rubber,  forming  1-  x 
6-ln.  specimens. 

(14)  Samples  are  wrapped  with  polyethylene. 

(15)  Samples  are  marked  with  type  of  sample  and  date. 

(16)  Wrapped  samples  are  placed  in  proper  storage 
environment . 

L«P  Shear.  Tensile  ’'Dog  Bone."  B-1  Confiauration.  and  p»i 
Specimens  — - - - - 

u  ..  established  procedures  for  preparing  lap  shear,  tensile 

dog  bone,"  B-1  fix  configuration,  and  peel  samples,  as  described  in 
Chapter  2,  Section  XIII,  will  be  applicable  for  OPRI  Wing  VI  adhesives  and 
potting  compounds  with  ths  following  changes  incorporated;  The  adhesive 
to  be  tested  will  be  Epon  948.2/953,  and  the  potting  compound  will  be 
Bacchus  Potting  Compound  No.  2. 


A» 
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APPENDIX  B 


FULL  SCALE  MINUTEMAN  GRAIN  DISSECTION  PROCEDURE 
A.  INTRODUCTION 


Hercules  Incorporated,  Bacchus  Works  (Hercules/B)  Mlnuteman  Surveil¬ 
lance  Program  will  require  dissecting  of  six  full-scale  aged  grains  and 
periodic  testing  as  Indicated  in  Table  1-3;  five  Wing  I  and  one  Wing  II 
motors  will  be  dissected.  The  cuts  to  be  made  are  as  shown  in  Figures  B-1 
through  B-8.  Hercules/B  will  machine  the  samples  to  specimen  configuration 
Just  prior  to  testing. 

B.  METHOD  OF  DISSECTION 

1 •  Grain  Inspection  and  Marking 

Bacchus  Works  will  X-ray  each  grain  for  high  density  inclusions, 
solvent  rich  areas,  dry  powder,  and  other  abnormalities  existing  in  the 

^  X-ray  will  be  performed,  and  special  shots  of  this  X-ray 

will  be  utilized.  Each  motor  will  have  metal  bands  and  lead  tape  attached 
in  positions  of  cuts  prior  to  the  second  X-ray.  The  X-ray  shots  will  be 
taken  in  positions  where  cuts  are  nearest  any  metal  and  at  case  contour 
changes.  The  X-ray  report,  generated  from  the  second  X-ray,  will  document 
the  distances  of  cuts  from  any  metal  hardware  and  provide  case  and  Insulator 
profiles  at  the  position  of  each  cut. 

2.  Cutting  Sequence 

a.  Major  Cuts 

The  major  cuts  will  be  made  starting  at  the  forward  dome 
and  progressing  to  the  aft  dome.  Measurements  for  the  major  cute  will  be 
made  from  the  aft  skirt.  Cuts,  measurements,  and  marking  will  be  as  shown 
in  Figure  B-1  and  as  marked  on  the  case. 

b .  Section  Cuts 


The  grain  will  be  cut  as  shown  in  Figures  B-1  through  B-8. 
Linear  tolerances  are  ±1/8  in.  and  angular-tolerances  are  +1/2  degree. 
Sections  II  and  III  will  be  cut  into  eight  pie-shaped  segments.  All 
segment  cuts  will  be  referenced  to  a  zero  degree  reference,  which  will  be 
the  center  of  No.  1  nozzle  and  No.  I  TT  port  as  marked  on  the  case.  The 
segmenting  cuts  will  be  as  shown  In  Figure  B-2  for  section  II  and  Figure  B-6 
for  section  III.  * 
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Figure  B-1.  Case  Sections 


